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Abstract 
This thesis will examine the potential economic benefits of using prestressed steel girders in the 
design of two span bridges.  Past research has proposed that using prestressed steel has the potential to 
produce bridges with more efficient and economical designs.  In this work, physical design examples will 
be used to determine the validity of past research work.  Standard steel girder designs for three span 
lengths were produced using the AASHTO LRFD Bridge Design Specification, 6th edition.  Additionally, 
prestressed steel girder designs were produced with attention paid to finding the most effective 
placement of the prestressing strands.   
Comparison of the standard and prestressed steel girder designs shows that the prestressed 
steel resulted in an average material savings of roughly 15%-20%.  Cost estimations find that although 
material savings of 15%-20% were seen, this raw material savings did not correspond to a financial 
savings for the entire project.  The cost of the prestressed designs versus the standard girder designs 
were higher by anywhere from 5%-22% depending on the span and strand profiles.  As the span length 
increased, the increase in cost for the prestressed girder designs was also increased.  Overall in the cases 
examined in this work, the raw material savings did not outweigh the additional costs associated with 
the prestressed steel. 
A rehabilitation design was also completed to investigate the potential of using post tensioning 
steel to renovate existing bridges.  Again, past research suggests that prestressing steel is a good option 
for rehabilitating bridges, but very few design examples exist.  For this work a theoretical renovation 
design was produced.  The post-tensioning steel was used to raise the load rating of an existing bridge 
design based on the Ohio Department of Transportation’s standard bridge drawing CSB-3-63.  Post-
tensioning was designed to bring the load rating of the existing bridge design with a load frequency of 
400 up to meet HL-93 loading requirements.  This design was unsuccessful due to excessive stresses felt 
by the existing bridge beams.  Post-tensioning was then designed to bring the load rating up to ODOT’s 
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rehabilitated bridge requirement of HS-20 loading.  This design was successful, which provides an 
example of how an existing bridge can be rehabilitated to increase the load rating to meet current 
standards. 
The design examples completed for this research show that prestressing steel can be utilized for 
new bridges as well as renovation of existing bridges.  The prestressing steel designs for the new bridges 
resulted in raw material savings, but failed to produce overall financial savings.  Additionally the rehab 
using the post-tensioning steel was successful in raising the load rating of the existing bridge from a load 
frequency of 400 to an HS-20 load rating.  The rehabilitated design was unsuccessful in raising the load 
rating to an HL-93 load rating however.    
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Chapter 1: Introduction 
Problem Statement 
With a quickly aging transportation infrastructure, the United States is in the midst of a busy and 
critical time for bridge and roadway engineering.  Almost a quarter of this country’s 600,000 bridges are 
currently classified as structurally deficient or functionally obsolete (U.S. Depart. of Transp., 2014).  This 
means that there are nearly 150,000 bridges in need of repair or even replacement.  With this problem 
plaguing the United States, it is important now more than ever that engineers examine new and 
innovative design strategies in order to repair and rebuild a crumbling transportation system in the most 
economical and sustainable way possible.   
Post-tensioning existing bridge elements can allow a bridge to be rated for a higher load 
capacity than that which it was originally designed.  The post tensioning applies a stress in the bridge 
beams in the opposite direction of the applied loads.  Although not commonly used in the United States, 
prestressing steel is used at varying levels around the world to much success.  One option that has the 
potential to help with this country’s bridge problem is the use of prestressing and post-tensioning in 
steel beams.  Prestressing, or post-tensioning, is “the introduction of initial stresses in a member that 
will directly oppose the stresses induced” by applied loads, with the stresses are applied before or after 
the section becomes composite (Snyder, 1995).  The method of prestressing steel beams and girders 
potentially allows for bridges to be designed with lighter members, which lowers the raw material used 
and therefore the overall bridge cost.  Prestressing steel beams allows them to carry additional capacity 
before failure, allowing for lighter sections to be designed in situations where a heavier section would 
have originally been required.  Additionally post-tensioning has potential for implementation in 
increasing the strength of existing bridges, without having to demolish them and construct entirely new 
structures.   
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Considering this innovative method of construction, there are still many unanswered questions.  
As is true with most new or uncommon practices, the outcome of prestressing steel is very theoretical 
and in the United States there are only a few physical examples to use as precedence in determining the 
effectiveness of this method.  Only a handful of prestressed steel bridges have been constructed in the 
United States.  Many researchers have conducted studies to test the effectiveness of prestressing steel, 
but the conclusions of this research have varied.  Although most researchers agree that prestressing 
steel is an effective way to reduce member sizes in bridges, they do not always agree on how effective it 
is in producing an overall more efficient and cost effective bridge design.  In some cases the added cost 
of construction outweighs the benefits of the raw material savings.  To prove the efficiency of 
prestressed steel bridges, more design examples need to be completed.  Specific design examples will 
provide information about prestressing steel’s effectiveness and efficiency.  After a large amount of 
design examples are completed, a general opinion about prestressing can be formed.  A solid base of 
design examples will give engineers a way to determine in which situations, if any, it is truly more 
efficient and economical to use prestressed or post-tensioned steel bridge designs. 
 
Objective 
The main objective of this work is to provide additional case studies and examples to support 
the idea that prestressed steel bridges are a viable option.  Specifically two-span continuous steel girder 
bridges with a concrete deck will be considered.  A comparison between prestressed and standard 
girder designs for a set of design constraints will be made to determine the overall effectiveness and 
viability of the prestressed steel designs. 
Because little research has been done regarding prestressed steel, there are still many questions 
about designing these members that require definitive answers.  Before more hours are put into the 
study of prestressed steel, and the nuances of its use and design, it is worth discussing first, whether the 
concept is worth the time commitment.  In order to determine this, specific design examples can be 
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examined to determine whether or not prestressed steel really results in more efficient bridge designs.  
Russell D. Snyder examined the economic advantages of using prestressed steel girders for single span 
highway bridges in his 1995 paper “Prestressed Steel Girders for Single Span Bridges” (Snyder, 1995).  He 
determined that for the three span lengths he considered (150ft, 200ft, 250ft) it was more efficient to 
use prestressed steel girders for single span bridges spanning 150 to 250 feet.  A joint committee of 
ASCE-AASHO suggested that for shorter spans, the efficiency of prestressed steel may not exist, or will at 
the least be very small (Subcommittee 3 on Prestressed Steel, 1968).  Snyder’s work supported the 
findings of this joint committee.  The thesis research proposed here is intended to take the next step 
from Snyder’s work and examine a different design example, specifically a multi-span bridge.   
In addition to evaluating new bridge designs, one retrofit design will also be produced within 
this research.  In order to create a retrofit design, an existing bridge in need of retrofitting has to be 
found.  A standard bridge drawing commonly used by the Ohio Department of Transportation in the 
1960s will be used as the “existing” bridge to be rehabilitated.  This bridge design will be examined to 
see if through the use of prestressing strands the load rating of the bridge can be increased to meet the 
load ratings in today’s specifications.  The intention is for this rehabilitation to be an example of how 
post-tensioning could effectively be used on existing steel structures to increase their load rating.  There 
are some obvious assumptions that are inherit to this methodology, most important of which is the 
assumption that the steel beams in question would be in fair enough condition to be retrofitted without 
the need to be replaced itself.   
 
Goals 
The main goal of this thesis is to determine the efficiency of prestressed or post-tensioned steel 
bridges.  Specifically, efficiency, in the terms of this research, refers to a raw material savings and 
economic savings.  In order to provide a substantial look at the comparison between prestressed and 
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standard girder bridge designs, bridge design examples will be carried out for three different cases of a 
two span bridge.  Each of the three cases will have a different span length.  Analyzing the bridge at three 
different span lengths of 150 feet, 200 feet, and 250 feet will give a glimpse into whether prestressing 
steel is efficient and economical for a certain size bridge as opposed to another.   
A second goal of this research would be to determine a trend in when the benefits of 
prestressing become great enough to make it a worthy option in a design situation.  In addition to 
directly comparing prestressed steel girders to standard girders for the three design cases, a general 
comparison between the design options will be evaluated at the end of the work.  Perhaps a trend of 
sorts will appear in regards to the efficiency of the prestressed girder versus the span length of the 
bridge.  The thesis work proposed here will examine this statement to see if it holds true for the three 
span lengths under examination.  Additionally the prestressed girders will be designed with the strand 
profile in mind.   
The third goal is to find which strand profile lends itself to being the most efficient design option 
for the prestressed beams.  Specifically the research will attempt to identify the most effective tendon 
profile for prestressed, continuous, multiple span bridges for the span lengths in question.  The 
prestressed beams will be designed after considering various tendon profiles.  The goal here, being to 
identify which profiles present the most optimal arrangement and design option for these specific 
bridges. 
Raw material savings and cost estimates will be compared for each of the designed bridges.  The 
raw material savings will be based on the overall weight of steel of the designed girders for the bridge 
design example.   The cost of the designs will be examined when determining the economy of the 
prestressed girders.  A general estimate for the overall cost of the superstructure, focusing on materials 
and construction will be found.  The goal is to have a cost associated with each of the six designs 
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(prestressed and standard girder designs for each of the three span lengths), which can be directly 
compared to each other.  
This goal of determining efficiency will be reached through direct comparisons of the outcomes 
of the design cases mentioned above.  This comparison will give a definitive answer as to whether 
prestressed steel is more efficient for this particular design example.  However, there is an additional 
goal with regards to determining efficiency.   
A fourth goal will be to determine if retrofitting with prestressing strands is an effective way to 
increase the load rating of existing bridges.  This will be determined by examining the ability of 
prestressing strands to increase the capacity of a bridge based on an old design standard from ODOT.  
Specifically the goal is to rehabilitate the existing bridge design using post tensioning strands in an effort 
to increase the load rating to an HL-93 loading.  If this cannot be obtained then an attempt to increase 
the load rating up to an HS-20 load rating will be made, as this is an acceptable load rating for a bridge 
rehabilitated to ODOT’s standards. 
Lastly, although not a direct goal of the thesis, a final outcome that can be expected is the 
development of a method of design for prestressed steel girders.  Because prestressing steel girders is 
not a common practice in the United States, there is not yet a design standard created for the design of 
these members.  Instead it is up to the best judgment of the design engineer to determine how these 
members should be designed.  Through the design examples of this research, a method of designing 
efficient prestressed member will be developed.  It will stand as another example of how to design a 
prestressed steel beam, which can be added to the pile of research on the subject.  
Chapter 2 
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Chapter 2: Background and Theory 
The first appearance of prestressing came in 1840 when William Howe received a patent for 
using prestressed iron ties on a wooden truss bridge (Troitsky, 1990). In fact, this truss design is now 
referred to as a Howe Truss.  Over the next twenty years more than 150 similar designs were used on 
iron structures.  One such example, which was crucial in the completion of the Baltimore and Ohio 
Railroad, was the Bollman Truss.  A uniquely American design, this truss was an all-iron design which 
was used in numerous places along the B&O railroad (Dilts, 1993).  These iron structures were 
constructed to replace wooden truss bridges which were constantly collapsing or catching fire.  Around 
this same time however, a distrust of iron structures began to grow in the US due to a few catastrophic 
failures of iron bridges around the country.   
In the 1870s and 1880s the first appearances of prestressing in concrete structures were seen.  
A variety of designs were constructed with prestressed concrete elements, including tie rods connecting 
concrete blocks of an arch and metal wire prestressing inside concrete slabs (Troitsky, 1990).  A big 
advancement for prestressed concrete structures was in the 1920s when Richard E. Dill successfully 
used post tensioning for the first time.  In 1925 he applied for a patent for reinforced concrete which 
would provide “a mobile relationship between the concrete and the reinforcing material and to provide 
means for subjecting the reinforcing material to tension.”  (US Patent US1684663 A)   
This history is mentioned here to show the development of prestressing and post-tensioning in 
the world of engineering.  For the purposes of this research it is important to note that prestressing 
began on iron structures, and only then was developed for concrete structures.  The development of 
prestressing in concrete structures became so successful that the idea of prestressing steel was not 
investigated with as much enthusiasm as concrete.  Because prestressing concrete allowed for the 
design of more slender and cost efficient concrete bridges, the research and investigation into 
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prestressed steel stalled.  The steel industry has yet to embrace prestressing in the same way the 
concrete industry has over the years, creating a void in this particular area of research.   
Little work has been done in the United States as far as specific design examples for prestressed 
steel; however there has been a decent amount of research done to examine the theoretical use of 
prestressed steel.  A joint committee on steel flexural members was formed by ASCE and AASHO in 
1968.  One of the publications of this joint committee summarized all past research done in the area of 
prestressed steel.  The report covers research and experimental work conducted for more than 30 years 
and cites papers by more than 50 researchers from around the world (Subcommittee 3 on Prestressed 
Steel, 1968).   
 
Theory 
Prestressing has the ability to increase the yield strength and ultimate strength of a beam or 
girder.  Figure 2-1 shows the load versus displacement curve for a theoretically prestressed steel beam 
versus an unprestressed steel beam. 
 
Figure 2-1: Load vs. Deflection Plot for Prestressed and Unprestressed Beams (adapted from 
Subcommittee 3 on Prestressed Steel, 1968)     
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Notice that the deflection due to the prestressing is in the opposite direction of the deflection resulting 
from the applied loads, which results in the entire load versus deflection curve being shifted to the left.  
The curve still continues in the same shape as the unprestressed beam which allows the curve to reach a 
higher yield load and ultimate load before reaching the ultimate deflection (Subcommittee 3 on 
Prestressed Steel, 1968). 
Serviceability is another area of concern with prestressed beam design, particularly with 
prestressed steel beams, because less research has been conducted on the subject.  The major 
serviceability concern with prestressed steel beams is maximum deflection limits.  The purpose of using 
prestressing on steel beams is to produce smaller beam sections and therefore reduce the raw material 
needed.  The smaller girder sections desired however produce more concerns for deflection.  Deflection 
with loads applied needs to be considered, but additionally, deflection limits before loads are applied 
should be checked.  If the steel beams are being prestressed, they will contain an initial camber that 
should be considered.  If prestressed steel becomes more mainstream, deflection limits will become a 
concern and may reduce the benefits of prestressed steel.  Alternatively if design codes and standards 
are eventually written for prestressed steel, perhaps the deflection limits could be reconsidered or 
altered. 
 
Methods of Prestressing 
There are at least three ways in which multiple researchers have suggested that steel beams 
could be prestressed.  The first is by stressing one component of a built up member, such as the top 
flange or cover plate to be attached to a built up member (Subcommittee 3 on Prestressed Steel, 1968).  
Whichever component is selected is kept in a prestressed state as it is attached, usually though welding, 
to the remaining components.  The prestressing is usually applied by deflecting the plate or member 
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before all the components are attached.  Once the built-up member is completely connected, the 
stressed component is released, which puts the entire member into a state of prestress.   
The second method of prestressing is to cast a concrete slab onto an already deflected beam 
(Subcommittee 3 on Prestressed Steel, 1968).  The beam to be prestressed is held in a deflected shape, 
and then the concrete slab is poured onto the beam.  The connection between the slab and the beam 
must be composite.  After the concrete has reached a desired strength, the deflected beam is released.  
As the deflected beam is released, the concrete slab puts stress on the section and the entire composite 
section feels the prestressing.  This method is very time consuming because the concrete has to be given 
enough time to reach its desired strength before the beam can be released. 
The last method, which has been chosen for the purposes of this research, is the use of end-
anchored high strength wires or bars.  This method is very similar to that which is used in the 
prestressing of concrete members.  With this method, steel wires, cables, strands, or bars are held at a 
desired tension and attached to the steel beam at a certain eccentricity, before being released.  Upon 
release, the strands put a stress in the beam opposite to those induced by the applied loads.  When 
using prestressing strands or tendons, it is ideal that the strands be made from high strength steel, 
because the high strength steel results in a lower prestressing loss compared to standard steel 
strengths.  The steel strands used for prestressing are subject to a prolonged strain and this leads to a 
small loss of strength over time, which is called relaxation.  The high strength steel tends to lose less 
strength due to this relaxation.  When using prestressing strands, there are many considerations which 
must be examined.  These include the profile of the prestressing strands, the chosen prestressing force, 
the anchor points, the loss of prestressing due to the relaxation of the steel, friction losses, and 
anchorage slip.   
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Design Considerations of Prestressing with Strands 
When prestressing steel girders with steel wires or bars the profile of the strands is very 
important.  The strands have the ability to put the beam in a prestressed state due to the axial stress 
transferred to the beam from the tension in the strands, in addition to a bending stress resulting from 
the eccentricity of the strands.  The former puts a compressive stress over the entire cross section while 
the latter more directly opposes the stresses resulting from the applied loads.  Placing the strands at a 
set distance below the centroid of the beam and attaching them at the ends of the span will result in a 
constant eccentricity.  This in turn creates a constant prestressing force in the element.  When the 
strand is stressed, the eccentricity causes the top of the member to be put into tension and the bottom 
of the member to be put into compression.  These stresses will directly oppose those felt in the beam 
from dead and live loads.  This description applies when resisting positive moments.  The strands can be 
placed above the centroid to induce stresses in the beam to oppose negative moments resulting from 
applied loads.  One problem with a strand profile that has a constant eccentricity is that the prestressing 
in the beam will induce a stress at the very ends of the beam, where there is only a very small amount of 
stress felt as a result of the applied loads.  A method of counteracting this problem at the ends of the 
beam is to begin the prestressing strand at a set distance from the ends of the beams as opposed to the 
very end.  Research suggests the best location to anchor strands with a constant eccentricity is at 7% of 
the span length away from each end (Snyder 1995).  This comes with its own difficulties however, 
including construction difficulties.  The hydraulic jack which applies the prestress would have to fit 
within the flanges of the beam, where normally it would be at the end of the beam where there are no 
space restrictions. 
Another option for the profile of the strands is a draped profile.  In this case, the strands start at 
the centroid of the member and are then sagged in a V-shape or U-shape.  Figure 2-2 shows a V-shaped 
strand arrangement for a single span bridge as an example.  
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Figure 2-2: Example Draped Strand Arrangement 
 
This arrangement provides a variable eccentricity which creates a moment that varies along the length 
of the element.  This moment opposes the moment developed in the member due to applied loads 
more accurately than a constant eccentricity.  Although more advantageous for mitigating the stresses 
induced by the applied loads in the beam, the use of draped strands results in more construction 
considerations.  Draped strands require the use of tie-downs to hold the strands in position.  These tie-
downs can add to the construction costs, which may end up outweighing the savings of using the 
variable eccentricity (Subcommittee 3 on Prestressed Steel 1968).  The most ideal profile of the tendon 
would be one that mirrors the curved shape of the bending moment envelope for the beam (Belletti and 
Gasperi 2010).  Figure 2-3 shows the ideal strand profile for a simple span beam. 
 
 
Figure 2-3: Ideal Strand Arrangement for a Single Span 
 
This arrangement however, is impractical for construction purposes, due to the large number of tie 
downs that would be needed for the strands to assume a somewhat curved shape. 
For a continuous, multiple span bridge, there are even more tendon arrangements which could 
theoretically be used.  Unlike a single span bridge, a multiple span bridge presents a unique opportunity 
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for the strand profile as the spans will contain areas of positive and negative moment.  This means that 
for the prestressing strands to be the most helpful, they will need to cross the centroid of the beam 
depending on what moment is being felt at that part of the span.  A continuous strand could be used in 
the design, with a draped arrangement which crosses from below to above the centroid of the beam 
when necessary to oppose the induced stresses.  Another option would be to place straight strands 
below the centroid in the positive moment regions, and additional straight strands above the centroid in 
the negative moment regions.  This arrangement would require unique anchors however in order to 
hold strands in tension in the middle of a span as opposed to at the ends of the beams.  A straight strand 
arrangement is a more ideal option for retrofitting.  The less complicated layout allows for a simpler 
retrofit.  This would make construction easier.  Retrofitting with straight strands allows the existing 
bridge to carry more load than originally designed, allowing for higher load ratings on existing 
structures.  In addition to these two options there are countless ways these tendons could be arranged 
for a multiple span bridge.  The ideal tendon profile for a continuous, multiple span girder is not known, 
as it has not been specifically researched in depth. 
Prestressing a steel beam with strands requires some special design considerations.  The first 
consideration involves the tie downs mentioned in the discussion of the strand profiles.  In order to tie 
down the prestressing strands into a desired profile there has to be some sort of a mechanism which 
attaches to the beam and holds the strands in the desired locations.  A bridge in Elkhart County Indiana 
over I-90 was constructed using prestressed steel girders, prestressed with high strength steel tendons.  
This bridge design uses concrete diaphragms placed between the flanges of the girder at each point that 
the tendons needed to be tied down (Wu et al. 2000).  Using concrete diaphragms to hold the cables is 
advantageous for a few reasons.  First it allows for a concrete surface at the end of the beam to apply 
the jacking force.  This arrangement is familiar to engineering design and construction practices, 
because it is the same method used to prestress concrete.  Additionally concrete diaphragms prevent 
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the need to bolt or weld to the girder flanges, which eliminates additional connection designs during the 
design phase.  This technique of using concrete diaphragms as tie-downs will be utilized in the 
prestressed girder designs for this research.  
An additional design consideration when using prestressed strands is protecting the strands 
from corrosion.  When strands are used to prestress concrete beams they are located inside the beams 
themselves.  Because they are inside the concrete there is a built-in layer of protection from corrosion.  
When prestressing strands are used on steel beams this layer of protection is missing.  Placing the 
strands on the inside of the flanges of a steel girder may offer more protection from corrosion.  Even 
with this placement however, the strands are still susceptible to corrosion.  The precedent mentioned 
previously over I-90 in Indiana used PVC tubes to protect the prestressing strands.  These conduits were 
placed in the interior of the flanges of the girders before the strands were placed.  Once secured in the 
desired profiles through the use of the concrete diaphragms, the prestressing strands were then 
threaded through the tubes and put into tension (Wu et al. 2000).  This method of using PVC to protect 
the strands from corrosion will be used in the design of the prestressed girders for this thesis project.  It 
is a simple solution that requires no additional design calculations.  Other options for protecting against 
corrosion exist, including using a box beam instead of an I-shape to enclose the strands, but for the 
purpose of this research they will not be considered.  An additional concern about protecting the 
strands would be the extreme event of a truck impact.  Prestressing strands offer little redundancy 
which would make a failure of one of these strands a major concern.  A potential cause of sudden strand 
failure would be truck impact.  Consideration needs to be taken, when designing with prestressed 
strands to how the outer strands of a prestressed steel beam can be protected from truck impact. 
Prestressing with strands induces stresses in the beam or girder sections to oppose those 
produced by the applied loads.  However, staged construction is an important consideration when 
looking at the flange stresses.  In addition to being sure that each point of the girder section remains 
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under the allowable stress once the loads are applied, it is important in the design process to consider 
the stress of the girder section without the applied loads.  If the beams are truly prestressed then the 
prestressing strands are tensioned prior to the bridge deck and other dead loads being applied to the 
beams.  This means the beams need to be able to maintain the stresses resulting from the prestressing 
strands without considering the applied loads.  Another option is to post tension the steel beams, which 
would mean the strands would be tensioned after the beams are composite with the bridge deck.  This 
would require a check of the stress in the beams while considering the stresses from the post tensioning 
strands and the dead loads of the bridge deck.  Additionally in the case of post-tensioning, the girders 
would have to be able to support the dead loads before the strands have been tensioned. 
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Chapter 3: Standard Steel Girder Designs 
Design Method 
Before the steel girders could be designed, the general dimensions of the bridge had to be set.  
A basic bridge layout was chosen, and is illustrated in Figure 3-1.  The deck width is set at 42 feet, with a 
span length of 150 feet for the first set of girder designs.  The span lengths were varied to 150 feet, 200 
feet, and 250 feet for the purpose of examining any correlation between the span length and the overall 
material savings of the prestressed girder design.  The design was completed assuming the use of 4 
girders spaced at 12 feet.  A sab thickness of 10 inches, including the sacrificial wearing surface, was 
chosen for the design.   
 
Figure 3-1: Bridge Layout 
 
The standard steel girders were designed according to the AASHTO LRFD Bridge Design Specification, 6th 
edition (AASHTO LRFD Bridge Design Specification 6th edition, 2012).  In order for an accurate 
comparison between the standard girders and the prestressed girders, there was a need for the 
standard girders to be the smallest girder section allowable according to AASHTO.  The most economic 
girder design is required for the most accurate comparison between the standard girder and the 
prestressed girder designs.  To create the most efficient design, an iterative process was used.  Although 
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girder design programs exist in the structural engineering industry, they were not utilized for this 
research because they don’t allow for transparency between the design process and the final results.  In 
order to design the standard girders in the most effective way an Excel spreadsheet was generated to 
run through all of the design checks contained within chapter 6 of the AASHTO Specification.   
The input for the girder design Excel spreadsheet consisted of the bridge layout, including span 
lengths, deck width, slab thickness, haunch thickness, and the compressive strength of the concrete.  
Additionally, inputs for the spreadsheet included the reinforcing for the slab and the number and 
spacing of the girders.  Some of the input for the spreadsheet was dependent on the girder sections 
themselves, as opposed to the basic layout of the bridge.  These inputs include the controlling moments 
and shears required for the AASHTO chapter 6 checks and the actual dimensions of the steel girder 
sections.  The moments, shears, and girder sections are the most important inputs for the iterative 
process.   
There is a separate design input for the steel girder section over the positive moment region and 
for the steel girder section of the negative moment region of the spans.  For the remainder of this thesis 
these will be referred to as the positive girder section and negative girder section respectively.  To begin 
the design of the standard girder for each span length, a first trial section had to be created.  An initial 
web depth was selected first.  After the web depth was chosen, the flange dimensions and web 
thickness were selected.  The objective of the first trial was to provide a conservative starting point for 
the iterative design using the Excel spreadsheet.   
To begin the iterative design process, the first trial for the positive section and the negative 
section was input into the Excel spreadsheet.  In order to obtain the controlling moment and shear 
values the initial girder sections were put into a SAP 2000 model and analyzed using dead loads and live 
loads according to the AASHTO LRFD Bridge Design Specification (SAP 2000, version 14).  The outputs 
from SAP 2000 were processed in a separate Excel spreadsheet to produce the moment envelopes for 
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each load combination specified in chapter 3 of AASHTO.  Within the excel spreadsheet, the live loads 
were also multiplied by distribution factors.  Distribution factors were calculated using the lever rule, in 
order to provide a conservative factor that would not need to be iteratively updated as the girder 
sections were changed.  Additionally the most extreme distribution factor was used for the moment and 
shear based on the interior or exterior girders.  A separate design for the interior girders and exterior 
girders was not completed, in order to simplify the design procedure.  Therefore the larger of the 
interior or exterior girder distribution factor was used for the design.  The calculations of the distribution 
factors are shown below.  These factors were eventually used in the prestressed girder designs as well. 
 First the calculations shown are for the distribution factors for moment.  An interior girder with 
one lane loaded is shown in Figure 3-2.  The calculations that follow are for this scenario. 
 
Figure 3-2: Lever Rule with One Lane Loaded over an Interior Girder 
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R P  
 
9 9
0.75
24 24
R P P P     
 (Multiple Presence Factor)
R
DF
P
 
  
 
  
 
For Strength and Service load combinations the multiple presence factor is 1.2. 
 
 (1.2)(0.75) 0.90DF     
 
For Fatigue the multiple presence factor is 1.0. 
 
 (1.0)(0.75) 0.75DF     
 
Next are the calculations for an interior girder with two lanes loaded. 
 
Figure 3-3: Lever Rule with Two Lanes Loaded over an Interior Girder 
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For all load combinations, the multiple presence factor is 1.0 when 2 lanes are loaded. 
 
 (1.0)(1.167) 1.167DF     
 
The exterior girders must be examined as well, with the first being the calculations for one lane 
loaded. 
 
Figure 3-4: Lever Rule with One Lane Loaded over an Exterior Girder 
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For Strength and Service load combinations the multiple presence factor is 1.2. 
 
 (1.2)(0.708) 0.85DF     
 
For Fatigue the multiple presence factor is 1.0. 
 
 (1.0)(0.708) 0.708DF     
 
Next the calculations for an exterior girder with two lanes loaded. 
 
 
intextDF eDF , where 0.77
9.1
ede    (AASHTO Table 4.6.2.2.2d-1) 
1.5
0.77 0.77 0.935
9.1 9.1
ede       
int (0.935)(0.708) 0.662extDF eDF    
 
Choosing the most extreme distribution factor for moment on interior or exterior girders, results in a 
final distribution factor of 1.167 for Strength and Service load combinations and 0.75 for Fatigue. 
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 Next the calculations of the distribution factors for shear are shown.  As with the moment 
calculations, first consider an interior girder with one lane loaded. 
 
 0.36
25
S
DF     (AASHTO Table 4.6.2.2.3a-1) 
12
0.36 0.84
25
DF     
 
This value is valid for Strength and Service load combinations.  For fatigue the value can be divided by 
1.2 because that is the multiple presence factor for Strength and Service which is already built into the 
equation used above.   
 
0.84
0.70
1.2
DF     
 
 Next consider an interior girder with two lanes loaded.  
 
 
2
0.2
25 35
S S
DF
 
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 
  (AASHTO Table 4.6.2.2.3a-1) 
2
12 12
0.2 1.08
25 35
DF
 
    
 
 
 
This is the same for all load combinations.  
 Now the exterior girders have to be calculated.  First, an exterior girder with one lane loaded is 
considered.  This calculation is the same as was shown for the moment, which results in a distribution 
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factor of 0.85 for Strength and Service load combinations and 0.708 for Fatigue.  An exterior girder with 
2 lanes loaded is the last situation to consider. 
 
 
intextDF eDF , where 0.60
10
ede    (AASHTO Table 4.6.2.2.3b-1) 
1.5
0.60 0.60 0.75
10 10
ede       
int (0.75)(1.08) 0.81extDF eDF    
 
For shear, the controlling shear distribution factors are 1.08 for Strength and Service loading and 0.708 
for Fatigue.  Again, these are the largest values found for interior or exterior girders. 
Once the SAP 2000 output was processed and sorted, the resulting controlling shears and 
moments were input into the girder design spreadsheet.  Once these values were input, the iterative 
process could begin.  The process involved decreasing various dimensions of the girder sections until 
one of the AASHTO chapter 6 checks within the spreadsheet failed.  Once there was a failure it was 
determined that the most efficient design was reached just before that failure.  Attention was paid to 
the overall area of the section as the section dimensions were incrementally decreased, in an attempt to 
find the most efficient section with the smallest overall area. 
The design checks within in the girder design spreadsheet are all of those found in the hand 
calculations in Appendix A.  These calculations are only shown for the final girder section; however the 
same equations are used within the spreadsheet.  The Excel spreadsheet was only used to expedite the 
iterative design process.   
Once the spreadsheet resulted in an optimized steel girder design with the moments and shears 
of the first trial design, the new sections were put into a SAP 2000 model and rerun.  The dead and live 
loads were reanalyzed on the new girder sections.  The resulting moments and shears resulting from the 
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new SAP 2000 analysis were input into the girder design spreadsheet with the new girder section 
properties.  With these new inputs, the girder section often could be reduced further.  Upon this second 
reduction in the girder section size a new set of positive and negative section steel girder designs was 
produced.   These new girder sections were put back into a SAP 2000 model and reanalyzed with the 
dead and live loads.  This process continued to repeat until the girder design resulting from the 
spreadsheet could not be optimized any further when processed using the SAP 2000 output resulting 
from that exact girder design.   
Once this process ends, the result is a final positive and negative girder section design for the 
specified span length.  The final step in the standard girder design was a series of hand calculations to 
confirm the output from the excel spreadsheet.  These hand calculations can be found in Appendix A.  
Once the girder sections were confirmed with hand calculations, then these designs were the final 
designs used in the comparison of the standard steel girders and the prestressed steel girders.  
 
150 Foot Span 
For the design of the 150 foot span standard girders the first trial dimensions are shown in Table 
3-1.   Additionally the moment and shear envelopes which were found using the SAP 2000 output 
resulting from this first trial are shown in Figures 3-5 and 3-6. 
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Table 3-1: 150 Foot First Trial Positive and Negative Section  
 
 
 
 
Figure 3-5: 150 Foot First Trial Factored Moment Envelopes  
 
 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 24 in
Web: 50 ksi 75 in 3/4 in -
Bottom Flange: 70 ksi - 1 in 24 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 1 1/2 in 24 in
Web: 50 ksi 75 in 3/4 in -
Bottom Flange: 70 ksi - 2 1/2 in 24 in
Negative Section
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 Figure 3-6: 150 Foot First Trial Factored Shear Envelopes  
 
The values from this first trial and the moment and shear values found from the SAP 2000 output were 
input into the girder design excel spreadsheet.  After four iterations through the design spreadsheet and 
SAP 2000, the girder sections in Table 3-2 were found.   
 
Table 3-2: 150 Foot Final Design, Positive and Negative Section  
 
 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 3/4 in 14 in
Web: 50 ksi 68 in 5/8 in -
Bottom Flange: 70 ksi - 1 in 20 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 2 in 19 in
Web: 50 ksi 68 in 3/4 in -
Bottom Flange: 70 ksi - 2 1/2 in 20 in
Negative Section
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These sections were run through SAP 2000, and the SAP 2000 output was processed to produce the 
moment and shear envelopes in Figure 3-7 and Figure 3-8.  
 
 
Figure 3-7: 150 Foot Final Girder Design Factored Moment Envelopes  
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Figure 3-8: 150 Foot Final Girder Design Factored Shear Envelopes  
 
Upon putting the new sections through the girder design spreadsheet with their corresponding 
moment and shear values, the dimensions of the sections could not be reduced further.  As a result 
these sections were found to be the final positive and negative girder sections for the 150 foot span 
bridge.  Hand calculations were completed and confirmed that the girder design spreadsheet 
calculations were accurate.  These calculations can be found in Appendix A.    
 
200 Foot Span 
For the design of the 200 foot span standard girders the first trial dimensions are shown in Table 
3-2.  Additionally the moment and shear envelopes which were found using the SAP 2000 output 
resulting from this first trial are shown in Figure 3-9 and Figure 3-10. 
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Table 3-3: 200 Foot First Trial Positive and Negative Section Dimensions 
 
 
 
 
Figure 3-9: 200 Foot First Trial Factored Moment Envelopes  
 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 24 in
Web: 50 ksi 75 in 0.75 in -
Bottom Flange: 70 ksi - 1 in 24 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 1.5 in 24 in
Web: 50 ksi 75 in 0.75 in -
Bottom Flange: 70 ksi - 2.5 in 24 in
Negative Section
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 Figure 3-10: 200 Foot First Trial Factored Shear Envelopes  
 
The values from this first trial and the moment and shear values found from the SAP 2000 
output were input into the girder design excel spreadsheet.  Unlike with the 150 foot standard girder 
design, it turned out that for the 200 foot girder design the first trial did not end up being conservative.  
Both flanges in the negative girder section needed to be increased throughout the iterative design 
process.  After a total of four iterations through the design spreadsheet and SAP 2000, the girder 
sections in Table 4-3 were found to be the most efficient possibilities for the 200 foot span. 
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Table 3-4: 200 Foot Final Design, Positive and Negative Section 
 
 
 
These sections were run through SAP 2000, and the SAP 2000 output was processed to produce the 
moment and shear envelopes shown in Figure 3-11 and Figure 3-12.  
 
 
Figure 3-11: 200 Foot Final Girder Design Factored Moment Envelopes  
 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 0.875 in 14 in
Web: 50 ksi 75 in 0.75 in -
Bottom Flange: 70 ksi - 1 in 24 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 2.75 in 24 in
Web: 50 ksi 75 in 0.75 in -
Bottom Flange: 70 ksi - 3 in 26 in
Negative Section
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Figure 3-12: 200 Foot Final Girder Design Factored Shear Envelopes 
 
Upon putting the new sections through the girder design spreadsheet with their corresponding 
moment and shear values, the dimensions of the sections could not be reduced further.  As a result 
these sections were found to be the final positive and negative girder sections for the 200 foot span 
bridge.  Hand calculations were completed and confirmed that the girder design spreadsheet 
calculations were accurate.  These calculations can be found in Appendix A.    
 
250 Foot Span 
For the design of the 250 foot span standard girders the first trial dimensions are shown in Table 
3-5.  Additionally the moment and shear envelopes which were found using the SAP 2000 output 
resulting from this first trial are shown in Figure 3-13 and Figure 3-14. 
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Table 3-5: 250 Foot First Trial Positive and Negative Section Dimensions 
 
 
 
 
 
Figure 3-13: 250 Foot First Trial Factored Moment Envelopes  
 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 2 in 26 in
Web: 50 ksi 90 in 1 in -
Bottom Flange: 70 ksi - 2 in 26 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 3 in 26 in
Web: 50 ksi 90  in 1 in -
Bottom Flange: 70 ksi - 4 in 26 in
Negative Section
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 Figure 3-14: 250 Foot First Trial Factored Shear Envelopes  
 
The values from this first trial and the moment and shear values found from the SAP 2000 
output were input into the girder design excel spreadsheet.  Similar to the 200 foot standard girder 
design, the first trial did not end being conservative for the 250 foot girder.  The thickness of the top 
flange had to be increased during the iterative design process.  Again it took four iterations through the 
design spreadsheet and SAP 2000 for the final girder sections to be found.  The girder sections in Table 
3-6 were found to be the most efficient possibilities for the 250 foot span.   
 
 
 
 
 
Chapter 3 
34 
 
Table 3-6: 250 Foot Final Design, Positive and Negative Section  
 
 
 
These sections were run through SAP 2000, and the SAP 2000 output was processed to produce the 
moment and shear envelopes shown in Figure 3-15 and Figure 3-16.  
 
 
Figure 3-15: 250 Foot Final Girder Design Factored Moment Envelopes  
 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 16 in
Web: 50 ksi 90 in 0.625 in -
Bottom Flange: 70 ksi - 1.75 in 20 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 4.25 in 22 in
Web: 50 ksi 90 in 0.75 in -
Bottom Flange: 70 ksi - 4 in 26 in
Negative Section
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Figure 3-16: 250 Foot Final Girder Design Factored Shear Envelopes  
 
Upon putting the new sections through the girder design spreadsheet with their corresponding 
moment and shear values, the dimensions of the sections could not be reduced further.  As a result 
these sections were found to be the final positive and negative girder sections for the 250 foot span 
bridge.  Hand calculations were completed and confirmed that the girder design spreadsheet 
calculations were accurate.  These calculations can be found in Appendix A.     
Chapter 4 
36 
 
Chapter 4: Prestressed Steel Girder Designs 
Design Method 
To begin the prestressed steel girder design a first trial had to be chosen, much like a first trial 
was selected for the standard girder design.  Because past research has shown that the use of 
prestressing tendons has the ability to reduce the size of a steel girder section, the first trial chosen for 
the prestress steel girder design was the final section from the standard girder design process.  The idea 
here is that using prestressing will result in a reduced girder section, and should not require a larger 
section than the final standard girder design.   
Once the first trial for the prestressed steel girder section was selected, a cable needed to be 
selected for use as the prestressing cables.  There were two strand profiles considered for the purposes 
of this research.  The first profile is a straight strand profile.  For the straight strand profile there is a 
straight strand running parallel to the flange below the neutral axis in the positive girder section and 
above the neutral axis in the negative girder section.  With this strand profile there are likely higher 
construction costs, because the strands will need to be anchored in six different locations, versus the 
draped strand profile which only requires three diaphragms in addition to anchors at the ends.  
According to Snyder’s work, the ideal place to anchor the prestressing strands is 7% of the span length 
on either side of the section.  So for the 200 foot span the positive girder section would have the 
prestressing strands anchored at 7% of the 160 feet length of the positive girder section.  This comes out 
to 11.2 feet which was rounded to 12 feet to simplify calculations.  This applies at the ends of the 
positive girder section at the abutments and the ends of the positive girder section where it transitions 
to the negative girder section.  The same 7% gap between the end of the girder section and the 
anchoring of the prestressing strands applies to the negative girder section.  For the 200 foot span, 7% 
of the negative girder length of 80 feet was 5.6 feet.  This was rounded to 6 feet to simplify calculations.   
These anchor points were chosen based on Snyder’s work; however there were instances in which the 
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distance at which the strands started had to be altered.  Specifically for the 200 foot and 250 foot spans, 
the distance from the end of the positive girder section where it transitions to the negative girder 
section had to be increased slightly.  Instead of anchoring the strands 12 feet from the end of the 
positive girder section for the 200 foot, they had to be anchored 16 feet from the end of the section.  
This was due to the negative moment envelopes effect on the positive girder section.  For the 250 foot 
span, 7% would have had the strands anchored at 14 feet from the end of the girder section.  At the spot 
where the positive girder section transitions to the negative girder section, the prestressing strands had 
to be moved to an anchoring position 34 feet from the end of the section.  This is a large adjustment 
from the 7% suggested by Snyder, but it was necessary to account for the negative moment envelope 
affecting the positive girder section.  This alteration was likely necessary because Snyder’s assumptions 
were based on a single span bridge which would not see any negative moment.  Figure 4-1 shows an 
unscaled drawing of the straight profile arrangement for the final design of the 200 foot span.  Figure 4-
1 is meant to clarify the explanation above.   
 
 
Figure 4-1: Straight Strand Profile for 200 Foot Span 
 
The second strand profile is a draped arrangement.  For this profile, the strands run the entire length of 
the bridge and are only anchored at the very ends of the bridge.  At the ends of the bridge, the cables 
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are anchored at the neutral axis of the section.  The eccentricity increases along the girder until it 
reaches the maximum eccentricity above the bottom flange at the halfway point of the positive girder 
section.  At this point the strand would be anchored into place.  Next the strands are pulled back up until 
they are back at the neutral axis as the positive girder section transitions to the negative girder section 
at 80% of the span length.  The strand now rises above the neutral axis of the negative girder section 
until the point that it is directly above the centerline of the pier.  This profile is mirrored to the other 
span of the bridge.  Figure 4-2 shows an unscaled drawing of the draped strand profile for the final 
design of the 200 foot span.  Again, Figure 4-2 is meant to clarify the explanation of the draped profile. 
 
 
Figure 4-2: Draped Prestressing Strand Profile for 200 Foot Span 
 
The benefits of this strand arrangement include that the strands only need to be anchored with three 
concrete diaphragms, versus the straight strand profile where the strands are anchored with six 
concrete diaphragms.   
For the efficiency and economy of construction it was decided that only two cables would be 
used for any section along the prestressed girder.  One cable could be placed on either side of the girder 
web, inside the flanges.  Figure 4-3 shows a section view of the general strand layout.   
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Figure 4-3: Unscaled Section Showing Girder and Strand Placement 
 
For use as the prestressing strands several types were considered, including steel bars, structural strand, 
and bridge rope.  Galvanized structural strand conforming to ASTM A-586 was chosen in the end, 
because of its low modulus of elasticity which results in less loss of prestress due to relaxation (ASTM 
A586-04a, 2014).  Additionally galvanized structural strand had the highest strength of the options 
considered, allowing for larger tensile forces to be applied to the strands. 
After the structural strand was chosen, the diameter of the strand needed to be determined.  To 
determine the diameter of the structural strand for each case, a guess and check method was utilized.  
Saadatmanesh, Albrecht, and Ayyub laid out a design process in “Guidelines for Flexural Design of 
Prestressed Composite Design,” in which the strands are chosen to carry a certain percentage of the 
total moment within the girder section.  Their research proposed that this percentage of the moment 
from the applied loads could vary from approximately 20% to 50% for sections in positive moment and 
10% to 30% for sections experiencing a negative moment (Saadatmanesh et al 1989).  However these 
percentages are based on a prestressing force being applied after the girder sections have become 
composite.  For the research within this thesis paper, it was decided that the prestressing force would 
be applied prior to the girder section becoming composite with the deck.  Because the sections are 
noncomposite during tensioning, the bare section properties of the girders are used which results in a 
neutral axis positioned lower on the girder section than with composite section properties.  This 
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lowering of the neutral axis results in a smaller eccentricity for the positive girder section and a larger 
eccentricity for the negative girder section.  Figure 4-4 shows a hypothetical difference in the neutral 
axis location and resulting eccentricity when comparing the section properties of a bare steel girder and 
a composite section. 
 
 
Figure 4-4: Illustration of Composite Section and Bare Steel Neutral Axis and Eccentricity 
 
This alters the numbers reported by Saadatmanesh, et al, resulting in a smaller percentage over the 
positive girder section and a larger percentage over the negative girder section.  Keeping this difference 
in mind, it was decided that the for the prestressed girder designs the prestressing strands should be 
able to carry at least 20% of the moment on the positive girder section.   
For ease of design and construction, the same diameter structural strand was used for the 
positive and negative girder sections.  Although the straight tendon profile allows for different 
diameters for the positive and negative section, they will be kept uniform for the purpose of this 
research.  As a result of this decision, the negative moment region did not always carry the 10% to 30% 
as suggested by Saadatmanesh, et al.   
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For the guess and check method utilized to find the required diameter of the strands, an original 
structural strand diameter was selected.  Next, the stresses induced in the structural strand based on 
the applied loads were calculated.   These stresses were calculated using another process described in 
Saadatmanesh et al’s work.  The development of this method is based on the stress in the strands 
required to close an imaginary gap in the strand created when the loads are applied to the section.  
These stress calculations can be found for each of the prestressed girder design calculations in Appendix 
B.  Once these additional stresses were calculated, they were subtracted from the nominal strength of 
the structural strand.  The nominal strengths were found in tables produced by manufacturers of the 
strands, specifically tables provided by Hanes Supply, Inc. were used (Hanes Supply of SC, Inc., 2014). 
Only 90% of the resulting strength, after subtracting off the additional stresses from the nominal 
strength, is used from this point.  This loss of 10% is to account for any prestressing losses, including 
losses due to friction and relaxation.  Furthermore only 70% of the remaining strength is available to be 
used for the prestressing jacking force, or what will be called the design prestressing force for the 
remainder of this paper.  This is merely a factor of safety adopted from Snyder’s work with prestressed 
steel girder designs (Snyder 1995).  According to the PCI Design Handbook, 7th edition, for the design of 
prestressed concrete beams a value of 75% is used (PCI Design Handbook, Precast and Prestressed 
Concrete. 7th edition, 2010).  Ultimately 70% was chosen for this work, because it was more 
conservative.  After 70% of the remaining available strength was calculated, it was checked to see if this 
final available design prestressing force could provide at least 20% of the positive moment felt by the 
steel girder sections.  If the structural strand failed this check, then the structural strand diameter was 
increased and the process of calculating the final design prestressing force was repeated.  This iterative 
process continued until a structural strand diameter was selected that resulted in a strand that could 
support enough prestressing force to carry at least 20% of the positive moment on the steel girder.  The 
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strand design process described here can be found in the prestressed girder design calculations in 
Appendix B. 
After the specific galvanized structural strand diameter was selected for the girder design, the 
actual steel girder section design could begin.  Although the calculations to choose a strand diameter 
produce a design prestressing force, this value was often very random.  For practicality these design 
prestressing force values were often rounded down to more even numbers.  For example in the 200ft 
prestressed girder design with the draped strand profile, the calculated design prestressing force was 
2,223 kips for the positive girder and 2,305 kips for the negative moment.  To use in the actual design, 
the design prestressing force was rounded to 2,200 kips.  With this example, note that with the draped 
strand profile only one design prestressing force can be applied over the length of the girder.  It is not 
possible to apply a different prestressing force to the strands over the positive girder section versus the 
negative girder section. 
To design the prestressed girder section in an iterative way, in order to produce the optimum 
girder sections, the girder design spreadsheet used for the standard steel girder sections was modified.  
This part of the design process was not found in previous research.  Snyder’s work did not sufficiently 
explain how the prestressed girder sections were optimized; instead he only showed the checks that 
showed that the chosen sections were sufficient.   
To optimize the girder sections, three values within the AASHTO design checks for the positive 
section and two values within the AASHTO design checks for the negative section were altered.  A brief 
explanation of these alterations is explained next.   
For the design of a compact section in positive flexure, as laid out in AASHTO article 6.1.1, the 
yield moment of the section, yM , is needed to check nM , or the nominal flexural resistance of the 
section.  The yM  value is the yield moment of the section.  Due to the addition of the prestressing 
tendons, the yield moment of the section is changed.  To find the new yield moment, the procedure as 
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laid out in article D6.2.2 was used.  However once the yield moment value is found, the moment 
resulting from the prestressing tendons is added to the yield moment.  This is due to the fact that the 
prestressing force allows the section to see a larger moment before yielding than the standard girder. 
The moment from the prestressing tendons was calculated by simply multiplying the force in each 
structural strand by the eccentricity of the tendons.   
The second change to the AASHTO design checks is in this same section, AASHTO article 
6.10.7.1.  The nominal flexural resistance of the section, 
nM , is calculated based on the plastic moment.  
Depending on the depth of the neutral axis and the total depth of the composite section, 2 different 
equations are available to calculate the nominal flexural resistance.  Again this value does not take into 
account the prestressing force’s effect on the section strength.  To account for the prestressing tendons, 
the moment resulting from the prestressing tendons is added to the nominal moment calculated 
according to the AASHTO articles mentioned previously.  Once the yield moment and nominal moment 
have been adjusted according to the prestressing tendons, they can then be compared to the bending 
moment resulting from the applied loads on the girder section.   
The third alteration to the AASHTO design checks within the prestressed girder design 
spreadsheet deals with a noncompact section in positive flexure.   AASHTO article 6.10.7.2 requires that 
the flange stress without the consideration of flange lateral bending, 
buf  be less than a factored ncF , or 
the nominal flexural resistance of the compression flange.  To adjust this article to account for the 
prestressing strands, the stress induced in the flanges as a result of the prestressing strands is 
subtracted from the flange stress value.  The stress resulting from the prestressing strand is subtracted 
from the flange stress because the prestressing strands produce a stress opposite that of the applied 
loads. 
As mentioned before, there are two places within the prestress girder design spreadsheet 
where the AASHTO checks for the negative girder section were altered to account for the prestressing 
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force.  Both of these changes deal with the requirements for discretely braced flanges in negative 
flexure.  AASHTO article 6.10.8.1.1-1 requires the flange stress calculated without consideration of the 
flange lateral bending, or 
buf  added to one third of the flange lateral bending stress, lf , be less than a 
factored 
ncF , or the nominal flexural resistance of the compression flange.  This article gets modified for 
the prestressing strands by subtracting the stress due to the prestressing strands from the flange stress, 
buf .  This is the same concept as with the third alteration on the positive girder section design as 
mentioned in the previous paragraph.  AASHTO article 6.10.8.1.2-1 requires the same check as with the 
compression flange just discussed for the tension flange.  As before the stress of the prestressing 
strands was subtracted from the flange stress, 
buf . 
Similar to the manner in which the standard girder designs were found, the prestress girders 
were found through a combination of the SAP 2000 and the prestressed girder design spreadsheet.  The 
initial girder section guesses, which corresponded to the final standard girder designs, were run through 
SAP 2000 to find dead and live loads.  These values were converted, through excel, into shear and 
moment envelopes and other values were calculated to be used as input into the prestressed girder 
design spreadsheet.  The inputs for the design spreadsheet were put in and the positive and negative 
girder sections were reduced until one of the design checks within the spreadsheet failed.  Like the 
standard girder, the process was then repeated until the girder sections could not be reduced any 
further.   
After the prestressed girder design spreadsheet resulted in a positive and negative girder 
section that could not be reduced any further, the flanges of the final sections were checked to be sure 
that they were not over stressed.  The stresses in the flanges due to the loads on the girder were 
calculated by:  
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My
I
    Eqn. 4-1 
𝑀 = Unfactored moment on the girder section 
𝑦 = Distance between the neutral axis and the extreme fibers of the flange 
𝐼 = Moment of inertia of the girder section 
 
It is important to note here that for this research a compressive stress was taken to be negative and a 
tensile stress was taken to be positive.  According to AASHTO the different types of loads on the girder 
are applied to the girder section with different composite section properties depending on which type of 
load is being considered.  Because of this, the stress in the flanges was calculated separately for each 
type of loading.  The stress due to DC1 loads was calculated using bare steel section properties, the 
stress due to DC2 and DW was calculated using long term composite section properties, and the stress 
due to the live loads was calculated using short term composite section properties.  Once the stresses in 
the flanges were calculated for each load type, the stress in the flanges due to the prestressing strands 
had to be calculated.  The stress in the flanges due to the prestressing strands was calculated using the 
following formula: 
 
P Pey
A I
     Eqn. 4-2 
𝑃 = Applied prestressing force 
𝐴 = Area of the girder section 
𝑒 = Eccentricity of the prestressing strands 
𝑦 = Distance between the neutral axis and the extreme fibers of the flange 
𝐼 = Moment of inertia of the steel girder section 
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The normal force on the girder section due to the prestressing strands is accounted for with the 
first term in equation 4-2.  The stress induced due to the eccentricity of the prestressing strands is 
accounted for with the second term.  The second term is either added or subtracted to the first term 
depending on whether the prestressing force in the section puts the flange in tension or compression.  
As mentioned before, a tensile stress is a positive stress and a compressive stress in a negative stress. 
Once the stress induced in the flange was calculated, the stresses were combined according to 
the controlling load combination.  For each span length considered, the strength 1 load combination 
controlled.  Once the stresses were combined according to the strength 1 load combination, the stress 
due to the prestressing strands was added.  This stress is the final factored stress in the flanges and was 
compared to the strength of the steel in the flanges.  As long as the stress in the strands did not exceed 
the strength of the flanges by more than 10% the section is okay.  The stress calculation and check 
described here can be found in the prestressed girder design calculations in Appendix B. 
To be sure that the girder section is adequate, the stresses in the flanges has to be checked 
along the entire length of the girder section.  An excel spreadsheet was set up to check the stress in the 
flanges for each distance, x, along the girder section.  The results of this spreadsheet were checked with 
hand calculations which can be found in the prestressed girder design calculations in Appendix B. An 
important part of checking the flange stresses is to realize that with both strand profiles there is an 
instance where a girder section whose design was controlled by the positive or negative moment sees 
moments of the opposite sign.  For example for the 150 foot span prestressed girder design, the positive 
girder section sees some of the negative moment envelope.  The flanges in this area need to be checked 
with extra caution, because when these sections of the girder are subjected to a negative moment, the 
prestressing strands produce stresses which add to the stresses resulting from the external loads.  The 
prestressing strands create a negative moment on the section which adds to the negative moment 
region.  This problem was so severe with the draped profile design of the 250 foot span prestressed 
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girder that the transition from the positive girder section to the negative girder section had to be moved 
from 80% of the span length, or 200 feet, to 70% of the span length, or 175 feet.  Figure 4-5 shows the 
final moment envelope for the 250 foot span prestressed girder design for the draped strand profile. 
 
 
Figure 4-5: The Moment Envelope for the Final 250 Foot Prestressed Girder Design 
 
Figure 4-5 shows a dividing line at 200 feet and 175 feet from the ends of the bridge.  Notice 
that when the girder transitions sections at 200 feet, the positive girder section sees a large negative 
moment as a result of the negative moment region.  This negative moment is close to -21,773 k-ft.  
When the transition from the positive to negative girder section is moved to 175 feet the positive girder 
section still sees some of the negative moment envelope, but significantly less.  With the transition 
located at 175 feet the positive girder section only sees a negative moment of -10,916k-ft.  However 
with this move, there needs to be extra consideration into the flange stress checks for the negative 
girder section.  The negative girder section now extends into the area that is affected by the positive 
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moment envelope.  This wasn’t an issue before, but upon moving the transition it became a concern.  
Upon redesigning the girder sections for the new location of the girder transition, the flange stresses 
were found to be within an acceptable range. 
After the girder sections are designed, the concrete diaphragms which are used to anchor the 
prestressing strands were designed.  The size of these diaphragms was determined based on the area 
needed to space enough shear studs to transfer the shear force from the prestressing strands to the 
steel beam.  ¾ inch shear studs with 1 1/8 inch diameter heads with a strength of 60 ksi were used in 
this design.  These shear studs were calculated to have a factored shear resistance of 50.69 kips, based 
on AASHTO 6.10.10.4.1-1.  Once the size of the diaphragm was found based on the number of shear 
studs required, the amount of reinforcing steel had to be calculated.  As a simplified procedure to find 
the weight of reinforcing steel, a general estimation was used.  An estimation of 100 pounds of 
reinforcing steel per cubic foot of diaphragm concrete was used.  A sample calculation below shows the 
diaphragm calculations for the positive girder section of the 150 foot straight profile prestressed girder.  
This same calculation was carried out for each prestressed girder. 
The force in the prestressing strands for the positive girder section of the 150 foot straight 
profile prestressed design is 1,180 kips.  The space between the girders is 12 feet and the general layout 
of the diaphragm can be seen in Figure 4-6.  
 
 
Figure 4-6: Diaphragm Layout for Calculations 
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To begin, set X1 to be 16 inches.  This can be changed later if X2 is found to be too large, but a 
value is needed to begin.  As stated earlier the factored shear resistance of one shear stud is 50.69 kips.  
Because there is one strand acting on either side of the diaphragm, the shear that must be transferred 
along the face of the concrete diaphragm and the web of the beam is equal to the force in the strand, or 
in this case 1,180 kips. 
 50.69 k rQ    
 1,180 kP    
With these values, the number of required shear studs can be found. 
 
r
P
n
Q
   Eqn. 4-3 
1,180 k
23.28 24 shear studs
50.69 kr
P
n
Q
     
  
According to AASHTO 6.10.10.1, the center to center shear stud spacing in the transverse 
directions cannot be less than 4 stud diameters.  Additionally the center to center shear stud spacing in 
the longitudinal direction cannot exceed 24 inches and cannot be less than 6 times the shear stud 
diameter.  With these guidelines in mind a transverse spacing of 4.5 inches was chosen and a 
longitudinal spacing of 6.75 inches was chosen.  Considering these spacings, there can be 4 rows of 
shear studs in the 16 inches set as X1. 
 
16" 2"
3.11 3 spaces = 4 rows of shear studs
4.5"

    
There is a need for 6 rows in the longitudinal direction. 
 
24 shear studs
6 rows
4
   
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Now knowing there has to be 6 rows, the needed distances X2 can be calculated. 
 
1 (5 spaces)(6.75") 2" 35.75"X      
 For simplification a distance of 36” was selected for X1.  If this distance became too large, the 
value of X1 could have been increased and the process repeated.  The final diaphragm design is 12’ x 16” 
x 36” with 4 rows of 6 shear studs for a total of 24 shear studs.  Note that for the exterior beams an edge 
diaphragm is required.  It is only attached on one side and has the force of just one strand.  This means 
the diaphragm would still need to transfer the same total shear into the beam, making the calculation 
for shear studs the same as an interior diaphragm.  The width of these edge diaphragms will be just one 
foot since it does not need to span from one beam to another. 
This calculation shows just the positive girder section.  The negative girder section would involve 
a separate calculation, because the force in the prestressing strands is different for the positive and 
negative girder sections.  These calculations would also have to be repeated for the draped strand 
profile, because the force in the strands is different. 
The procedures laid out here resulted in the final girder designs in Tables 4-1, 4-2, and 4-3.  The 
complete calculations for the prestressed girders can be found in Appendix B. 
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Table 4-1: 150 Foot Span Final Prestressed Girder Designs 
 
 
 
Table 4-2: 200 Foot Span Final Prestressed Girder Designs 
 
 
 
 
 
 
 
 
Steel Grade Depth Thickness Width Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 3/4 in 14 in 70 ksi - 1 in 16 in
Web: 50 ksi 68 in 1/2 in - 50 ksi 68 in 5/8 in -
Bottom Flange: 70 ksi - 1 in 18 in 70 ksi - 2 1/4 in 20 in
150 Foot Prestressed Girder - Straight 
Strand Profile (Negative Girder Section)
150 Foot Prestressed Girder - Straight Strand Profile
(Positive Girder Section)
Steel Grade Depth Thickness Width Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 3/4 in 12 in 70 ksi - 1 in 14 in
Web: 50 ksi 68 in 1/2 in - 50 ksi 68 in 5/8 in -
Bottom Flange: 70 ksi - 1 1/4 in 14 in 70 ksi - 2 1/2 in 20 in
150 Foot Prestressed Girder - Draped 
Strand Profile (Negative Girder Section)
150 Foot Prestressed Girder - Draped Strand Profile
(Positive Girder Section)
Steel Grade Depth Thickness Width Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 7/8 in 12 in 70 ksi - 1 3/4 in 19 in
Web: 50 ksi 66 in 5/8 in - 50 ksi 66 in 3/4 in -
Bottom Flange: 70 ksi - 1 in 20 in 70 ksi - 2 7/8 in 26 in
200 Foot Prestressed Girder - Straight 
Strand Profile (Negative Girder Section)
200 Foot Prestressed Girder - Straight Strand Profile
(Positive Girder Section)
Steel Grade Depth Thickness Width Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 12 in 70 ksi - 2 in 18 in
Web: 50 ksi 72 in 1/2 in - 50 ksi 72 in 3/4 in -
Bottom Flange: 70 ksi - 1 1/4 in 18 in 70 ksi - 3 in 26 in
200 Foot Prestressed Girder - Draped 
Strand Profile (Negative Girder Section)
200 Foot Prestressed Girder - Draped Strand Profile
(Positive Girder Section)
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Table 4-3: 250 Foot Span Final Prestressed Girder Designs 
 
 
 
 Additionally the diaphragm designs for each girder section can be found in the Tables 4-4, 4-5, 
and 4-6.  These values were found using the same procedure demonstrated previously for the positive 
girder section of the 150 foot span straight strand profile.   
 
Table 4-4: 150 Foot Span Diaphragm Designs 
 
 
 
 
 
 
Steel Grade Depth Thickness Width Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 16 in 70 ksi - 2.00 in 22 in
Web: 50 ksi 88 in 5/8 in - 50 ksi 88 in 3/4 in -
Bottom Flange: 70 ksi - 1 1/2 in 16 in 70 ksi - 3 3/8 in 26 in
250 Foot Prestressed Girder - Straight 
Strand Profile (Negative Girder Section)
250 Foot Prestressed Girder - Straight Strand Profile
(Positive Girder Section)
Steel Grade Depth Thickness Width Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 15 in 70 ksi - 2 in 22 in
Web: 50 ksi 90 in 5/8 in - 50 ksi 90 in 3/4 in -
Bottom Flange: 70 ksi - 1 1/2 in 15 in 70 ksi - 4 in 26 in
250 Foot Prestressed Girder - Draped 
Strand Profile (Negative Girder Section)
250 Foot Prestressed Girder - Draped Strand Profile
(Positive Girder Section)
Positive Girder 
Section
Negative Girder 
Section
X1 =  16 in 16 in 16 in
X2 =  36 in 36 in 43 in
Shear Studs, each end = 24 24 28
150 Foot Straight Strand Profile
150 Foot Draped 
Strand Profile
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Table 4-5: 200 Foot Span Diaphragm Designs 
 
 
Table 4-6: 250 Foot Span Diaphragm Designs 
 
 
  
Positive Girder 
Section
Negative Girder 
Section
X1 =  25 in 25 in 30 in
X2 =  43 in 43 in 43 in
Shear Studs, each end = 42 42 49
200 Foot Straight Strand Profile
200 Foot Draped 
Strand Profile
Positive Girder 
Section
Negative Girder 
Section
X1 =  30 in 34 in 34 in
X2 =  43 in 43 in 50 in
Shear Studs, each end = 49 56 64
250 Foot Straight Strand Profile
250 Foot Draped 
Strand Profile
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Chapter 5: Cost Estimating 
Material and Labor Costs 
In order to judge the efficiency of the prestressed girders in comparison to their standard 
counterparts, the cost of the designs was considered in addition to raw material savings.  In order to 
estimate a cost for the girder designs, some costs had to be determined as general estimates for 
materials and labor based on today’s manufacturing and construction world.  In order to estimate the 
cost of the girders, the historical cost data compiled by the Ohio Department of Transportation was 
used.   
ODOT compiles a list of bid histories each year and puts this information into a searchable excel 
spreadsheet.  The spreadsheet examined for the purposes of this work summarizes item costs for the 
calendar years of 2013 and 2014 (State of Ohio Department of Transportation Office of Estimating, 
2015).  Each of the items, which are based on the ODOT Construction and Material Specifications 2013, 
are summarized by project, quantity, bid average, awarded bid, low bid, and high bid (Construction and 
Material Specifications, 2013).  This spreadsheet was used to find a per pound price of steel used for the 
girders, a per cubic foot price for concrete used to form the concrete diaphragms which support the 
prestressing cables, a price for each shear stud used to anchor the concrete diaphragms, a per pound 
price for the reinforcing steel within the concrete diaphragm, and a price for a prestressed concrete 
bridge member which was used as an estimate for placing and tensioning the strands. 
The price of steel used for the girders included the cost of each step of the getting the steel into 
place as a complete girder, from manufacturing to fabrication, to installation.  Based on the design 
problem laid out for this research, the steel was considered to be level 4 fabrication qualification, which 
is defined as steel used in “straight or bent welded plate girder bridges” (Construction and Material 
Specifications, 2013).  The ODOT bid histories spreadsheet produced a price of $1.60 per pound of steel. 
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The price of concrete used for the diaphragms which anchored the prestressing strands was 
found to be $489.54 per cubic yard.  This price was the average bid price for item 511.33416, which is 
class QC2 concrete for superstructure (English Item Master – For 2013 Specifications, 2015).  This 
estimated price includes the cost of each step in the construction process, from mixing to formwork to 
erection.  The price of the reinforcing steel in the diaphragms also had to be estimated.  This price was 
based on item 509.10000, epoxy coated reinforcing steel (English Item Master – For 2013 Specifications, 
2015).  The average bid price for this item was $1.35 per pound.  This price includes design, 
manufacturing and installation.  The estimated cost of the shear studs used to anchor the concrete 
diaphragms to the steel beams also had to be found.  Item 513.20000, welded stud shear connectors, 
was used as the cost for the shear studs (English Item Master – For 2013 Specifications, 2015).  The 
average bid price for these was $3.32.  This price includes manufacturing and installation. 
An estimate for the price of the prestressing strands was the hardest to predict.  For the cost of 
the prestressing strands, a value from the Florida Department of Transportation’s Bridge Development 
Report was used (State of Florida Department of Transportation, 2007).  In this Bridge Development 
Report, the cost of longitudinal post-tensioning strands is listed at a cost of $2.20 per pound of steel.  
This cost includes manufacturing, transporting, and installation of the prestressing strands.  Although 
the post-tensioning referred to in FDOT’s cost estimate is not identical to the pretensioning as used in 
this work, it is similar enough to use as an exact value is impossible to obtain. 
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Chapter 6: Results and Comparisons 
Raw Material Comparisons 
To compare the raw material savings of the designs, the cross sectional areas of the sections 
were calculated.  Table 6-1 summarizes the cross sectional areas and the overall material savings for 
each girder section. 
Table 6-1: Raw Material Savings 
 
 
 
 
With the three span lengths considered for this research there is no apparent trend in the 
material savings versus the span length.  Possibly if more span lengths were considered a trend could be 
seen.  With the results here however, it would only be speculation to argue that the raw material 
savings increase with larger or shorter span lengths. 
(+) Girder Section (-) Girder Section (+) Girder Section (-) Girder Section
Standard Girder 73.00 139.00 - -
Straight Strand Profile 62.50 103.50 14.38% 25.54%
Draped Strand Profile 60.50 101.50 17.12% 26.98%
Area of Steel (in2) Raw Material Savings
150 Foot Span
(+) Girder Section (-) Girder Section (+) Girder Section (-) Girder Section
Standard Girder 92.50 174.25 - -
Straight Strand Profile 71.75 157.50 22.43% 9.61%
Draped Strand Profile 70.50 168.00 23.78% 3.59%
Area of Steel (in2) Raw Material Savings
200 Foot Span
(+) Girder Section (-) Girder Section (+) Girder Section (-) Girder Section
Standard Girder 107.25 265.00 - -
Straight Strand Profile 95.00 197.75 11.42% 25.38%
Draped Strand Profile 93.75 215.50 12.59% 18.68%
250 Foot Span
Area of Steel (in2) Raw Material Savings
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Despite no apparent trend in the material savings versus the span length, it can be concluded 
that the prestressing steel designs consistently produced a significant raw material savings.  The average 
material savings across all three span lengths is shown in Table 6-5.   
 
Table 6-2: Average Raw Material Savings 
 
 
On average the draped strand profile had a greater raw material savings than the straight strand 
profile for the positive girder section.   This held true for each individual span length too, in addition to 
the average of all three span lengths.  On average the straight strand profile showed a greater raw 
material savings for the negative girder section than the draped strand profile.  This is true of the 
average, but is not true for each individual span length.  For the 150 foot span length, the draped profile 
produced a greater material savings than the straight profile.   
 
Cost Comparisons 
In order to compare the costs of the designs, the quantities of each item being considered for 
the cost had to be calculated.  As was explained in Chapter 5, the prices used for calculating the overall 
cost estimate were based on the Ohio Department of Transportation’s bid histories from 2013-2014.  
Table 6-3 summarizes the unit prices used for the cost estimation as was explained in Chapter 5. 
 
 
 
(+) Girder Section (-) Girder Section
Straight Strand 16.08% 20.18%
Draped Strand 17.83% 16.41%
Average Material Savings
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Table 6-3: Prices per Unit of Material 
 
 
As an example, the cost estimation for the 150 foot, straight strand profile, prestressed design is shown 
here. 
As was calculated in Chapter 4, the diaphragm for the positive girder section is 12’ x 16” x 36” 
with a total of 24 studs at each web.  The total volume of concrete is 1.78 yd3. 
 
 3
2
(12')(16")(36")
Volume 48ft
144in
    
 
3
3
3
3
48ft
1.78yd
ft27
yd
   
 
 For the negative girder section the diaphragm was found to be the same size as that of the 
positive girder section.  There are three full diaphragms between beams, and two edge diaphragms at 
each location along the spans where a diaphragm is needed.  Since the edge diaphragms are only a foot 
wide, the total volume of an edge diaphragm would be 1/12 of the volume of an interior diaphragm.  
There are 4 diaphragm locations for the positive girder sections and 2 diaphragm locations for the 
negative girder sections, resulting in 6 locations total.  Since the edge diaphragms are only a foot wide, 
the total volume of an edge diaphragm would be 1/12 of the volume of an interior diaphragm.  With all 
of this in mind the total concrete volume needed for the diaphragms would be 33.82 yd3. 
Item Cost Unit
Shear Studs $3.32 Each
Diaphragm Concrete $489.54 CY
Reinforcing Steel $1.35 LB
Prestressing Strands $2.20 LB
Steel Beams $1.60 LB
Unit Costs
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 3 3 3(1.78 yd )(3 inner diaphragms)(6) (1/12)(1.78 yd )(2 outer diaphragms)(6) 33.82 yd    
 
The reinforcing steel in the diaphragms can be estimated as explained previously.  The total weight of 
steel is as follows. 
 
3
3
lb of steel
(33.82 yd ) 100 3,382 lb
yd
 
 
 
  
 
The total number of shear studs also needs to be calculated.  There are 6 places a concrete diaphragm is 
needed and at each of these places there are 8 places in which the concrete needs to be attached to the 
steel web.  This means there are a total of 1,152 studs. 
 
 (24 shear studs)(8)(6) 1,152 shear studs   
 
The total weight of the girders needs to be calculated.  The weight of the steel is taken to be 490 lb/ft3.  
The calculation of the total steel weight is as follows. 
 
  3 2
lb 120'
(+) Section Weight 490 (.75")(14") (68")(.5") (1")(18") 25,521 lb
ft 144in
   
      
   
  
 3 2
lb 30'
(-) Section Weight 490 (1")(16") (68")(.625") (2.25")(20") 10,566 lb
ft 144in
   
      
   
 
 
Total Steel Weight (8 beams)(25,521 lb) (4 beams)(10,566 lb) 246,429 lb    
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 Now that all the necessary quantities for the cost estimation have been found, the overall cost 
can be calculated. 
 ($1.60)(246,429 lb of girder steel) $394,286   
3($489.54)(33.82 yd  concrete) $16,556  
 ($1.35)(3,382 lb of reinf. steel) $4,566   
($3.32)(1,152 shear studs) $3,825  
 ($2.20)(36,750 lb of prest. steel) $80,850   
 Total $500,083  
The overall cost of the 150 foot span, straight strand prestressed beam is $500,083.   
Tables 6-4, 6-5, and 6-6 summarize the quantities and estimated costs for each of the bridge 
designs.  These values were found in the same manner as the example calculations shown previously. 
 
Table 6-4: 150 Foot Span Quantities and Cost Estimates 
 
 
 
Total # of Shear Studs: 0 1152 672
Total Diaphragm Concrete: 0 CY 34 CY 20 CY
Total Weight Reinf. Steel: 0 lb 3378 lb 2017 lb
Total Beam Steel Weight: 295225 lb 246429 lb 239079 lb
Weight Prestressing Strands = 0 lb 36750 lb 44144 lb
Shear Studs: 
Diaphragm Concrete: 
Diaphragm Reinforcing: 
Prestressing Cost: 
Steel Beams: 
Total Cost:
$472,360
$472,360
Quantities
150ft Straight Profile 150ft Draped Profile150ft Standard
$0
$0
$0
$0
Costs
$80,850
$394,286
$500,083
$3,825
$16,556
$4,566
$2,231
$9,875
$2,723
$97,117
$382,527
$494,473
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Table 6-5: 200 Foot Span Quantities and Cost Estimates 
 
 
Table 6-6: 250 Foot Span Quantities and Cost Estimates 
 
 
For the 150 foot span the straight strand profile and the draped strand profile result in a 5.87% 
and 4.68% cost increase respectively.  For the 200 foot span the cost increase is 9.76% and 12.41% for 
the straight strand profile and the draped strand profile respectively.  Lastly for the 250 foot span, the 
Total # of Shear Studs: 0 2016 1176
Total Diaphragm Concrete: 0 CY 63 CY 38 CY
Total Weight Reinf. Steel: 0 lb 6304 lb 3782 lb
Total Beam Steel Weight: 497758 lb 398261 lb 398533 lb
Weight Prestressing Strands = 0 lb 86763 lb 104559 lb
Shear Studs: 
Diaphragm Concrete: 
Diaphragm Reinforcing: 
Prestressing Cost: 
Steel Beams: 
Total Cost: $796,413 $874,160
$0
$30,861
$8,510
$190,878
$637,218$796,413
$3,904
$18,516
$5,106
$230,031
$637,653
$895,211
$6,693
$0
$0
$0
200ft Standard
Quantities
Costs
200ft Straight Profile 200ft Draped Profile
Total # of Shear Studs: 0 2464 1536
Total Diaphragm Concrete: 0 CY 79 CY 50 CY
Total Weight Reinf. Steel: 0 lb 7901 lb 4985 lb
Total Beam Steel Weight: 764264 lb 651802 lb 666604 lb
Weight Prestressing Strands = 0 lb 138017 lb 177015 lb
Shear Studs: 
Diaphragm Concrete: 
Diaphragm Reinforcing: 
Prestressing Cost: 
Steel Beams: 
Total Cost:
$0
$0
$0
$0
$1,222,822
$1,222,822
$24,401
$6,729
$389,433
$1,066,567
$1,492,230
$38,679
$10,666
$303,637
$1,042,883
$1,404,046
$8,180 $5,100
250ft Straight Profile 250ft Draped Profile
Costs
Quantities
250ft Standard
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cost increased 14.82% and 22.03% for the straight strand profile and draped strand profile.  Note that 
this cost estimation is only meant to compare the raw material savings to the increase in cost due to the 
prestressing strands.  If the costs of the entire structure were being estimated, the increase of roughly 
$120,000 for each of the 250 foot span prestressed designs would be less significant.  When examining 
trends related to the span lengths, the percent increase in cost increases as the span length increases.  
This is because the prestressing strands get longer and thicker resulting in an increased cost for 
prestressing as the span lengthens.  The raw material savings increase as the span lengths increase, but 
the reduction in cost due to the material savings does not outweigh the cost increase due to the 
prestressing strands.  
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 Chapter 7: Bridge Rehabilitation 
Background 
It has been suggested by multiple researchers that prestressed steel could be an effective way 
to rehabilitate existing structures.  Specifically, many bridges throughout the United States were 
designed and built based on outdated specifications and load requirements.  Prestressed steel has the 
potential to bring the load rating of these bridges up to the current HL-93 loading which is specified in 
AASHTO today.   
In order to test the theory of using prestressed steel to bring up the load rating of an existing 
structure, the existing structure to be rehabilitated must be selected.  For the purposes of this work, one 
specific ODOT bridge standard drawing was selected to be used as the existing structure.  CSB-3-63 is a 
standard bridge that was used by the Ohio Department of Transportation in the 1960s for continuous 
steel beam bridges with curbs and parapets (State of Ohio Department of Transportation, Archived 
Standard Drawings, 1963).  In 1963, when these standards were released and used frequently 
throughout Ohio, the method in which bridges were load rated was based on a load frequency.  The 
load frequency was dependent on the number of trucks that were expected to pass over the structure in 
a given day.  This number was then input into equations in order to determine the capacity being 
applied to the structure.  The higher the load frequency is, the higher the capacity for which the bridge 
was designed.   
The CSB-3-63 standard drawing selected for this work contains a standard bridge design, 
including steel beams, moment plates, intermediate crossframes, and a concrete deck design.  The steel 
beams and the moment plates, or cover plates as they would be called today, will be the focus of this 
rehabilitation attempt.  Additionally, the CSB-3-63 provides designs for a number of different span 
arrangements.  In hopes that a larger span would provide the highest opportunity for prestressing 
strands to improve the strength of the beams, the largest spans were selected.  This specific layout is a 
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three span bridge with 72’-90’-72’ spans.  Additionally, because the idea of using prestressing strands is 
to increase the load rating of an existing structure, the design for the lowest load frequency present in 
the standard was chosen.  This is a load frequency, CF, of 400.  The bridge design according to this old 
standard drawing would be well below the strength required for the current HL-93 loading. 
The layout of the bridge is defined in the standard drawings.  The deck is 42 feet wide with curbs 
and parapets on the ends.  The deck is 8½” thick and is supported by 5 wide flange rolled beams spaced 
at 9’-6”.  The size of the beam varies depending on the span lengths.  For the span length chosen, the 
beam is a 36WF260.  Additionally there are top and bottom moment plates that are 19 feet long, 
centered over both piers.  The top moment plate is 15”x5/8” and the bottom moment plate is 
18”x11/16” (State of Ohio Department of Transportation, Archived Standard Drawings, 1963). 
The materials of the structure can also be found in the old standard drawing.  The beams are A-
36 steel and the concrete deck was class “C” concrete with a compressive strength of 4,000 psi.  The 
material properties are important, because the materials are much weaker than the materials 
commonly used today.  Rehabilitating an actual existing structure means dealing with materials that are 
not up to current quality.  These materials were an additional challenge to the rehabilitation design. 
 
Design: HL-93 Loading 
In order to design prestressing strands to be used to increase the load capacity of the existing 
structure, the beams as laid out in the CSB-3-63 standard drawing were modeled in SAP 2000.  Due to 
differences in the AASHTO specifications from 1963 and today, the beam sections had to be modeled as 
noncomposite.  The code requirements to make the bridge composite were not a part of the older 
specification.  Therefore all loading, dead and live, was modeled on the bare steel section properties of 
the beams.   
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Once the beams were modeled and run through SAP 2000, a moment envelope was created.  
The distribution factors were calculated based on AASHTO LRFD and applied to the moments output 
from SAP.  The calculation of the distribution factors can be found in Appendix C.  Additionally this 
bridge satisfies the requirements for inelastic moment redistribution found in Appendix B to Chapter 6 
of AASHTO.  If this provision were applied the moments could possibly be reduced over the piers, 
however the moment near center span would likely be larger.  Figure 7-1 shows the moment envelope 
for the HL93 loading on the CSB-3-63, CF=400 beams, using the distribution factors calculated in 
Appendix C for an interior beam. 
 
 
Figure 7-1: Moment Envelope for Existing Beams due to HL-93 Loading 
 
To compare the moment envelope resulting from HL-93 loading to the capacity of the existing 
beams, the strength of the beams had to be calculated.  Because, the beams are noncomposite, the 
nominal moment capacity of the beams was calculated based on the plastic moment.  The plastic 
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neutral axis was calculated for each of the beam cross sections.  The first cross section is simply the 
beam by itself, and the second cross section is found over the piers where the moment plates are 
located.  The calculation of the plastic moment is below. 
  
 
Figure 7-2: Existing Beam Section without Cover Plates 
36 ksiyF    
276.5 inA    
260 lb/ftW    
 
Because the section is symmetrical, the neutral axis is simply half of the total depth of the section. 
 
 
(1.44" 36.26" 1.44")
19.57"
2
y
 
    
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The plastic moment can be calculated. 
 
 (36 ksi)(16.55")(1.44") 858 kc yc fc fcP F b t     Eqn. 7-1 
 (36 ksi)(36.26")(0.84") 1,097 kw yw wP F Dt     Eqn. 7-2 
 (36 ksi)(16.55")(1.44") 858 kc yt ft ftP F b t     Eqn. 7-3 
 
 
1.44" 36.26"
18.85"
2 2
cd      
 0wd    
1.44" 36.26"
18.85"
2 2
td     
 
 
p c c w w t tM Pd P d Pd    Eqn. 7-4 
(858 k)(18.85") (1,097 k)(0") (858 k)(18.85") 2,696 k-ftpM      
 32,347 k-in 2,696 k-ftpM     
 
To find the nominal moment, the section classification needs to be determined.   The calculation 
below shows that the section is compact based on AASHTO LRFD article 6.10.6.2.2-1 
2
3.76
cp
w yc
D E
t F
  
2(19.57") 29,000 ksi
46.60 3.76 106.7     
0.84" 36 ksi
    The section is compact 
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The section is compact, therefore 
n pM M  . 
 2,696 k-ftn pM M    
 0.9(2,696 k-ft) 2,426 k-ftnM     
 
Figure 7-3: Existing Beam Section with Cover Plates 
 
The calculation of the nominal moment for the cross sections with cover plates is shown below.  
The neutral axis is calculated first.  
 
 
2
2
0.6875"
(18")(0.6875") (76.5 in )(20.2575") (15")(0.625")(40.14")
2
(18")(0.6875") (76.5 in ) (15")(0.625")
y
 
  
 
 
  
 19.66"y    
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The plastic moment can be calculated now. 
 
 
,c yc fc fc y bp bp bpP F b t F b t    Eqn. 7-5 
 (36 ksi)(16.55")(1.44") (36 ksi)(18")(0.6875") 1,303 kcP      
 
1,097 kwP   
 
 
c yt ft ft yp tp tpP F b t F b t    Eqn. 7-6 
 (36 ksi)(16.55")(1.44") (36 ksi)(15")(0.625") 1,195 kcP      
 
 
0.6875" 1.44"
(18")(0.6875") (16.55")(1.44")(0.6875"
2 2
19.66" 18.62"
(0.6875")(18") (1.44")(16.55")
cd
   
    
     

  
36.26"
0.6875" 1.44" 19.66" 0.59"
2
wd       
1.44" 0.625"
(1.44")(16.55") 0.625" (0.625")(15")
2 2
40.4524" 19.66" 19.74"
(1.44")(16.55") (0.625")(15")
td
   
    
      

 
 
 
p c c w w t tM Pd P d Pd     Eqn. 7-7 
(1,303 k)(18.62") (1,097 k)(0.59") (1,195 k)(19.74") 48,498 k-inpM      
48,498 k-in 4,042 k-ftpM    
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To find the nominal moment, the section classification needs to be determined.   The calculation 
below shows that the section is compact based on AASHTO LRFD article 6.10.6.2.2-1 
2
3.76
cp
w yc
D E
t F
  
2(40.45" 19.66") 29,000 ksi
49.51 3.76 106.7     
0.84" 36 ksi

    The section is compact 
 
The section is compact, therefore 
n pM M  . 
 4,042 k-ftn pM M    
 0.9(4,042 k-ft) 3,638 k-ftnM     
 
After the nominal moment capacity of the beams was calculated, it could be seen by how much 
the existing beams are insufficient to support the moment envelope resulting from HL-93 loading.  
Figure 7-4 shows the moment envelope resulting from HL-93 loading, with lines representing the 
nominal moment capacities of the beams.   
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Figure 7-4: HL-93 Factored Moment Envelope and Existing Beam Strength 
 
It is clear when looking at this plot that much of the beams have capacities well below that 
required for HL-93 loading.  Specifically for the positive moment envelope, the beams experience 
moments that are almost 2,000 k-ft over the capacity of the beam.  Although less than the positive 
moment envelope, the negative moment envelope still produces moments about 1400 k-ft over the 
capacity of the beam.  Looking at these plots and values it becomes clear just how much moment the 
prestressing strands will have to produce at their extreme in order to bring the existing structure up to 
HL-93 loading standards. 
Once the moment envelope was created for the HL-93 loading, and the capacities of the beams 
determined, the design process could begin.  Before the diameter of the post tensioning strands could 
be determined, the profile of the strands had to be determined.  Based on the moment envelope plot, it 
was determined that strands would be required between 9 feet and 51 feet, between 95 feet and 139 
feet, and between 183 feet and 225 feet to accommodate the positive girder envelope.  Additionally 
Chapter 7 
72 
 
strands were needed between 56 feet and 85 feet and 149 feet and 178 feet to accommodate the 
negative girder envelope.  In order to increase the strength of the beam due to the negative moment 
envelope, the beam would experience post tensioning for the negative moment in an area that overlaps 
the positive moment envelope.  Additionally, there are points in which the beam had to be post 
tensioned to accommodate the positive moment envelope, but the beam also experiences the negative 
moment envelope in these spots.  Knowing how much moment is needed by the post tensioning 
strands, and by examining the moment envelopes, it was observed that straight strand profile would be 
acceptable for the positive moment regions, but for the negative moment regions a draped strand 
profile would be required.  This is because in the negative moment region, the post tensioning strands 
would produce additional positive moment to counter the negative moment of the region.  However 
around 56 feet and 178 feet the beam would experience too much positive moment when the needed 
post tensioning moment is added to the positive moment envelope.  The way to fix this problem is to 
use a draped profile.  This allows for the maximum moment to be obtained directly over the piers at 72 
feet and 162 feet, but for a lower moment to be reached at the ends of post tensioning strands where 
the positive and negative moment envelopes overlap the most. 
Once the necessary profiles were determined, it was decided that for the positive moment 
regions, the strands would be located as far away from the neutral axis as possible without going 
outside the flanges.  This distance turned out to be 15 5/8 inches from the neutral axis, and 2 1/2 inches 
from the top of the bottom flange.  For the negative moment region it was chosen that the strand would 
be held at the maximum eccentricity away from the neutral axis without going outside the flanges 
immediately over the pier, and drape for 16 feet towards the abutments and 13 feet towards the center 
of the middle span.  With this profile the eccentricity was 16.23 inches directly above the piers, 9 inches 
at 56 feet and 178 feet, and 10.24 inches at 85 feet and 149 feet.  These arrangements were chosen, 
because they allow for the highest moment to result from the post tensioning with as little force needed 
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in the strands as possible.  Figure 7-5 illustrates the strand profiles discussed here.  It is not drawn to 
scale. 
 
 
Figure 7-5: Rehabilitated Bridge Strand Arrangement for HL-93 Loading 
 
Like the original designs, it was decided that two strands would be used, one on either side of 
the beam web.  This allows for symmetry when tensioning the strands.  Using the same methodology 
used to design the original girder designs, the strand diameters were determined.  First the additional 
stress in the strands, resulting from the applied loads after the strands are stressed, was calculated.  
Below are these calculations for the positive moment.  There are two sets of calculations for the added 
stresses to the positive girder sections, because the bridge has three spans, one of which is a different 
length than the other two.  This required a different length strand, which effects the calculation of the 
added stress.  The first calculation shown is for the 42 foot strand for the 72 foot span, and the second is 
for the 44 foot strand for the 90 foot span.  The instance that produced the most additional stresses 
controlled the remainder of the design.  
 
 
 
0
 
2
L
STRENGTH I
STRENGTH I
t t
e
M dx
L
T
EI I
e
E A A
 
 

  Eqn. 7-8 
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2
2
 4 4
2
2 2
(15.63")
(154,431 ) 12
(42 ') 12
179.68k
(29,000 )(20,282 ) (20,282 )
(15.63")
(24,000 )(7.35 ) (78.12 )
STRENGTH I
in
k ft
ftin
ft
T
ksi in in
ksi in in
 
  
   
 
   
 
  
 
 
 
0
 
2
L
STRENGTH I
STRENGTH I
t t
e
M dx
L
T
EI I
e
E A A
 
 

  Eqn. 7-9 
 
2
2
 4 4
2
2 2
(15.63")
(162,171 ) 12
(44 ') 12
180.10k
(29,000 )(20,282 ) (20,282 )
(15.63")
(24,000 )(7.35 ) (78.12 )
STRENGTH I
in
k ft
ftin
ft
T
ksi in in
ksi in in
 
  
   
 
   
 
  
 
The 44 foot long strand for the 90 foot span controls, as it produces more addition stress than the 42 
foot strand for the 72 foot span. 
Because the negative moment was draped, an Excel spreadsheet was used to complete the 
additional stress calculations.  The same equations were used in the spreadsheet, just broken up 
incrementally along the strands as the eccentricity changes, and then summed in the end.  The added 
stress for the negative region was calculated as 95.54 kips.  This is the added stress when a 3 inch 
diameter strand is used.  
Once the additional stress was calculated, it could be subtracted from the nominal strength of 
the strands.  What was left of the nominal strength was then multiplied by 0.9 to account for 
prestressing losses and also multiplied by a safety factor of 0.7, as was used in the original beam designs.  
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The final value is the design post tensioning force.  The calculation of the design post tensioning force 
for the positive girder section is below.  
 
 
iT T T    Eqn. 7-10 
1,448k 180.10kiT   
1,267.90kiT   
 
 0.9(1,267.90k) 1,141.11kiT     
 0.7( ) 0.7(1,141.11k) 798.78kD iT T     
 
 2(798.78k) 1,597.55kDT    
 Similarly below you will find the calculation of the design post tensioning force for the negative 
girder section.  The 3 inch structural strand has a nominal strength of 538 tons or 1,076 kips. 
 
 
iT T T    Eqn. 7-10 
1,076k 95.54kiT   
980.46kiT   
 
 0.9(980.46k) 882.41kiT     
 0.7( ) 0.7(882.41k) 617.69kD iT T     
 
 2(617.69k) 1,235.38kDT    
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The design post tensioning forces were rounded to 1,500 kips and 1,150 kips for the positive 
girder section and negative girder section respectively.   Once this design post tensioning force was 
found for the positive and negative sections, it was multiplied by the eccentricities of the strands based 
on the profiles explained before.  The eccentricity over the positive moment regions of the beam is 
15.63 inches.  For the negative moment regions over the piers, the maximum eccentricity possible is 
16.23 inches directly over the pier.  Multiplying the design post tensioning force by the eccentricity 
results in the post tensioning moment.  If the post tensioning moment calculated over the positive and 
negative areas of the beams was large enough to account for the beam strength deficiencies then the 
diameter was sufficient and was used. 
Once the strand diameter and post tensioning forces were found, the post tensioning moments 
could be calculated for each point along the length of the beams.  For the straight strands over the 
positive moment regions, the post tensioning moment is constant and is simply the post tensioning 
force multiplied by the eccentricity.  The calculation below shows the moment resulting from the 
strands over the positive moment region. 
 
 .
(1,500k)(15.63")
1,954k-ft
in12
ft
post tensM      
 
For the negative moment over the piers, the eccentricity is variable, resulting in a variable 
prestressing moment.  Table 7-1 shows the variable eccentricities and the resulting prestressing 
moment resulting from the 1,150 kip post tensioning force. 
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Table 7-1: Eccentricities and Prestressing Moments for 1,150 kip Force in Strands 
Eccentricities and Prestressing  
Station  
(ft) 
Eccentricity 
 (in) 
Prestressing  
Moment (k-ft) 
Station  
(ft) 
Eccentricity 
 (in) 
Prestressing  
Moment (k-ft) 
56 9 863 148 10.24 982 
56.71 9.29 891 148.94 10.22 979 
57.86 9.77 936 150.13 10.71 1026 
59.02 10.25 982 151.31 11.20 1073 
60.18 10.73 1028 152.49 11.69 1120 
61.33 11.21 1074 152.50 11.69 1121 
62.49 11.69 1120 152.50 12.29 1178 
62.50 11.69 1121 152.51 12.30 1179 
62.50 12.29 1178 153.69 12.79 1226 
62.51 12.30 1178 154.88 13.28 1273 
63.69 12.79 1226 156.06 13.77 1320 
64.88 13.28 1273 157.25 14.26 1367 
66.06 13.77 1320 158.44 14.75 1414 
67.25 14.26 1367 159.62 15.25 1461 
68.44 14.75 1414 160.81 15.74 1508 
69.62 15.24 1461 161.99 16.23 1555 
70.81 15.74 1508 162.00 16.23 1556 
71.99 16.23 1555 162.00 16.23 1555 
72.00 16.23 1555 162.01 16.23 1555 
72.00 16.23 1555 163.19 15.74 1508 
72.01 16.23 1555 164.38 15.24 1461 
73.19 15.74 1508 165.56 14.75 1414 
74.38 15.24 1461 166.75 14.26 1367 
75.56 14.75 1414 167.94 13.77 1320 
76.75 14.26 1367 169.12 13.28 1273 
77.94 13.77 1320 170.31 12.79 1226 
79.12 13.28 1273 171.49 12.30 1178 
80.31 12.79 1226 171.50 12.29 1178 
81.49 12.30 1178 171.50 11.69 1121 
81.50 12.29 1178 171.51 11.69 1120 
81.50 11.69 1121 172.67 11.21 1074 
81.51 11.69 1120 173.82 10.73 1028 
82.69 11.20 1073 174.98 10.25 982 
83.87 10.71 1026 176.14 9.77 936 
85.00 10.24 982 178.00 9.00 863 
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Once the prestressing moments are calculated along the length of the beams, they can then be 
subtracted from the moments resulting from the HL-93 loading.  Subtracting the prestressing moments 
from the moment envelopes resulted in a new moment envelope.  This new moment envelope does not 
exceed the capacity of the beams at any point.  Figure 7-6 shows the original moment envelope of the 
existing beams, the new moment envelope with the post tensioned beams, and the lines representing 
the existing beam capacities. 
 
 
Figure 7-6: HL-93 Factored Moment Envelope, HL-93 Factored Moment Envelope after Post Tensioning 
and Existing Beam Strength 
 
At this point, the post tensioning design has not yet been finalized.  The stresses in the flanges 
and deck needed to be checked to be sure they were not yielding due to the application post tensioning 
strands.  Unfortunately, upon checking the flange stresses, in the same manner used for the original 
prestressed girder designs of Chapter 4, the flanges were overstressed.  Attempts were made to remedy 
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the stresses in the beam flanges; however they could not be brought below the strength of the material, 
which in this case was A36 steel.  This is part of the original challenge of rehabilitating these existing 
bridges.  The materials used forty years ago are not as strong as those used now.  So when rehabilitating 
these bridges, special attention needs to be paid to the stresses of the existing materials. 
The main reason the flanges and deck were overstressed was because of the manner in which 
the post tensioning strands produce moments.  When looking at the equation used to calculate the 
stress in the flanges resulting from the post tensioning strands, there are two terms. 
 
 
P Pey
A I
     Eqn. 7-11 
𝑃 = Applied prestressing force 
𝐴 = Area of the girder section 
𝑒 = Eccentricity of the prestressing strands 
𝑦 = Distance between the neutral axis and the extreme fibers of the flange 
𝐼 = Moment of inertia of the girder section 
 
The first term, 
P
A
 is the stress resulting from the normal force the strand exerts to the entire beam 
section.  The second term,
Pey
A
, is the stress resulting from the strands exerting their force at a certain 
eccentricity from the neutral axis.  The problem with the rehabilitated design proposed so far is that in 
order to make up the large deficit in beam moment capacity, a very large force has to be put into the 
post tensioning strands.  This force winds up producing a normal stress, or the first term in the stress 
equation, that completely negates any benefits of the force being applied at an eccentricity, or the 
second term.  There is a solution to this problem; however it is not feasible in the rehabilitation 
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proposed here.  To remedy this problem, the strands could be placed at a higher eccentricity which 
would allow for the same post tensioning moments to be reached with less force in the strands.  The 
problem with this solution has to do with height clearances.  Many of the bridges utilizing the design 
being hypothetically rehabilitated in this work were placed overtop other roads, mostly highways.  
Highways have a minimum vertical clearances based on AASHTO LRFD Bridge Design Specifications.  
When the design in question was created by the Ohio Department of Transportation in 1963 the 
minimum vertical clearance required over a highway was 16 feet.  For bridge designs to be the most 
economical, they are often designed to meet or just barely exceed the minimum vertical clearance.  
With this in mind it can be assumed that the existing bridge being rehabilitated in this research was 
designed to just meet the minimum vertical clearance.  Today the vertical height clearance required by 
the AASHTO Specification is 16.5 feet.  This is larger than the requirements in 1963, when the CSB-3-63 
standard drawing was being used.  All of this is important, because in order to increase the eccentricity 
of the post-tensioning strands further, they would need to be placed outside the flange of the existing 
beams.  This would put the strands into the existing vertical clearance mentioned before.  Inevitably this 
would decrease the vertical clearance from a value that is already below current specifications.  So, in 
the end, dropping the post tensioning strands below the flange would allow the beams to be brought up 
to HL-93 loading, however this would violate the minimum vertical clearance requirements of AASHTO. 
Instead of giving up on the rehabilitation idea, more work was done.  The Ohio Department of 
Transportation requires bridge rehabilitations to be designed for HS-20 loading (Bridge Design Manual, 
2004).  HS-20 loading was the AASHTO required loading, prior to the HL-93 loading.  It is comprised of 
the same truck, tandem, and lane loading, but with the HL-93 loading the truck and lane are combined 
as well as the tandem and lane to find the most extreme case.  With the HS-20 the lane was not 
combined with the truck and tandem.  Basically this means that the HS-20 loading is a lighter load 
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requirement than the HL-93.  Because of this fact, this research next tackled the idea of rehabilitating 
the CSB-3-63 bridge to HS-20 loading, thereby rehabilitating it according to ODOT’s standards. 
 
Design: HS-20 Loading 
In an attempt to rehabilitate the CSB-3-63 ODOT standard bridge to meet ODOT’s requirements 
for a rehabilitated bridge, the HS-20 loading was next considered.  The HS-20 load was applied to the 
bridge using SAP 2000, just as it was previously done for the HL-93 loading.  The output from SAP 2000 
was processed using excel and a factored moment envelope was created.  It can be found in Figure 7-7. 
 
 
Figure 7-7: Moment Envelope for Existing Beams due to HS-20 Loading 
 
Again, similar to the HL-93 loading, a plot was created to show the moment capacity of the beams in 
relation to the controlling factored moment envelope.  This plot can be seen in Figure 7-8. 
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Figure 7-8: HS-20 Factored Moment Envelope and Existing Beam Strength 
 
Unlike the HL-93 loading, the existing beams are only insufficient for HS-20 loading in the 
positive moment regions of the moment envelope.  This means that post tensioning strands will only be 
needed in the middle of the spans, and not over the piers as were required for the HL-93 loading.  The 
beams are insufficient by roughly 350 kips.  The post-tensioning strands will need to provide an 
opposing moment of more than this value. 
For the design of the post tensioning strands, the profile of the strands is the first thing that 
needed to be found.  Because the moment created by the post tensioning strands are relatively low 
compared with those considered for the HL-93 design, the straight strands profile will be sufficient.  
There is no apparent need to use a draped arrangement.  Based on the Figure 7-8, the post tensioning 
strands are required between 16 feet and 42 feet, between 105 feet and 129 feet, and between 192 feet 
and 218 feet.  Just as with the HL-93 design, the strands will be placed as far from the neutral axis as 
possible while still being inside the flanges.  This puts the strands at an eccentricity, as before, of 15 5/8 
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inches below the neutral axis.  Figure 7-9 shows the profile of the beams and the strand arrangements.  
The drawing is not to scale. 
 
 
Figure 7-9: Rehabilitated Bridge Strand Arrangement for HS-20 Loading 
 
The calculations to find the needed diameter of structural strand follow the same process laid out for 
the HL-93 load case.  Below you will find these calculations for the HS-20 loading for a 2 inch diameter 
strand, which was the final strand diameter selected.   Remember that there are two strand lengths for 
the positive moment regions.  The first calculation shows the added stress for the 26 foot strand over 
the 72 foot span, and the second calculation shows the added stress for the 24 foot strand over the 90 
foot span. 
 
 
 
0
 
2
L
STRENGTH I
STRENGTH I
t t
e
M dx
L
T
EI I
e
E A A
 
 

  Eqn. 7-12 
 
2
2
 4 4
2
2 2
(15.63")
(74,310 ) 12
(26 ') 12
50.03k
(29,000 )(20,282 ) (20,282 )
(15.63")
(24,000 )(2.4 ) (78.12 )
STRENGTH I
in
k ft
ftin
ft
T
ksi in in
ksi in in
 
  
   
 
   
 
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0
 
2
L
STRENGTH I
STRENGTH I
t t
e
M dx
L
T
EI I
e
E A A
 
 

  Eqn. 7-13 
 
2
2
 4 4
2
2 2
(15.63")
(68,426 ) 12
(24 ') 12
49.90k
(29,000 )(20,282 ) (20,282 )
(15.63")
(24,000 )(2.4 ) (78.12 )
STRENGTH I
in
k ft
ftin
ft
T
ksi in in
ksi in in
 
  
   
 
   
 
  
 
The 2 inch diameter structural strand was found to be sufficient.  It was calculated that the 
design post tensioning force that the strands were capable of supporting was 277.18 kips each.  The 
calculation of which is below. 
 
iT T T    Eqn. 7-14 
490k 50.03kiT   
439.97kiT   
 
 0.9(439.97k) 395.97kiT     
 0.7( ) 0.7(395.97k) 277.18kD iT T     
 
 2(277.18k) 554.36kDT    
 
The force chosen to be applied to the strands was 400 kips.  At an eccentricity of 15.63 inches, 
the post tensioning force of 400 kips produced a post-tensioning moment of 521 kips.  This moment was 
applied to the moment envelope over the span of the post tensioning strands.  With the post tensioning 
Chapter 7 
85 
 
moment factored in, a new post tensioned moment envelope was produced.  Figure 7-10 shows the 
new envelope, as well as the original envelope and the lines showing the capacity of the existing beams. 
 
 
Figure 7-10: HS-20 Factored Moment Envelope, HS-20 Factored Moment Envelope after Post Tensioning 
and Existing Beam Strength 
 
Figure 7-10 shows that the new moment envelope does not exceed the capacity of the existing beams.  
Once the post-tensioning was found to be sufficient, the flange and deck stresses had to be checked.  
Unlike the HL-93 loading flange checks, the HS-20 loading flange check passed.  The highest stress in the 
top flange was found to be 32.44 ksi and the highest stress in the bottom flange was found to be 26.60 
ksi.  Both of these values fall below the beam strength of 36 ksi.  The stresses in the flanges were 
checked using the same method described in Chapter 4 and shown in the prestressed girder designs in 
Appendix B.  Tables containing all the values of the stresses in the beam flanges can also be found in 
Appendix D.    
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 Chapter 8: Conclusion 
 The research presented here demonstrates that prestressed steel is a viable option for new 
bridge construction.  On average the raw material saving of using prestressed steel versus non 
prestressed steel was 15%-20%.  The raw material savings did not outweigh the increased cost of 
construction.  The cost of the prestressed beam designs ranged from a 5% to a 22% increase in cost. This 
percentage only looks at the cost of the beams and the additional costs of the prestressing.  If the cost 
of the entire structure, including superstructure and substructure, was calculated this percentage of 
increase in price would be lower.  An increase of $100,000 is large when considering only the cost of the 
beams, however compared to the cost of an entire structure; this increase is not as great.  Additionally, 
the figures used to estimate the costs of the structures designed in this work were based specifically on 
the years 2013-2014.  The cost of raw materials and construction costs are fluid, and depending on the 
cost of steel in any given year there is potential for the raw material savings to eclipse the additional 
construction costs.  With this in mind, the increase in cost seems small enough that prestressed steel 
has a definite potential in new construction.   
 The strand profile did prove to have an effect on the material savings.  The draped strand 
profiles considered for the prestressed steel designs provided greater material savings than their 
straight strand profile counterparts, with the exception of the negative girder section design for the 200 
foot span.   
 Trends, in regards to material savings versus span length, proved to be murky.  There was no 
apparent correlation between the amount of raw material savings and the span length of the bridge.  
However there was a correlation between the additional costs of the prestressed girder designs versus 
the standard girder designs.  The larger the span, the larger the percentage increase in the overall cost 
of the prestressed designs was.  This trend is likely due to the increased diameters and lengths of the 
prestressing strands which raised the overall cost of the prestressed designs. 
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 Post-tensioned steel was also shown to be suitable for rehabilated bridges.  The load rating of 
an existing bridge design was raised from a load frequency rating of 400, to HS-20 loading.  The bridge 
could not be rehabilitated to meet HL-93 loading, because the existing materials were overstressed by 
the necessary force in the prestressing strands.  The load rating of HS-20 was achieved, which is 
important, because this is the requirement for rehabilitated bridges based on the Ohio Department of 
Transportation.  The potential for post-tensioning to raise the load rating of existing structures is 
confirmed with these results. 
 
Future Work 
The results of this research have begun to build a base of design examples showing that 
prestressed steel is a viable option for new construction.  However, there is future work which could be 
done on this subject.  Specifically, no trend could be found between the raw material savings and the 
span length.  Producing more designs of different span lengths could continue to add data points which 
could then potentially be correlated into a trend.  This trend would be helpful in the application of 
prestressed steel, in the sense that a designer could know a span length and decide immediately if 
prestressed steel is a valid option.   
Additionally the cost estimations completed in this work could be expanded upon.  The percent 
increase in the cost of the prestressed girders would be more helpful if it were compared to the 
estimated cost of the entire structure as opposed to the cost of only the beams.  The scale of the 
increase in cost is much less when compared to a total price of a project, versus only a portion of the 
cost of the project.   
The designs carried out in this research only touched on the potential of prestressed steel.  As 
mentioned in Chapter 2 there are multiple ways in which a beam or girder can be prestressed.  For the 
purpose of this research the prestressing was carried out with prestressing strands.  It could prove 
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helpful to compare designs of prestressed steel beams and girders using prestressed plates or 
prestressing through the concrete deck.  Although strands were used here, they may prove to be a less 
efficient way to prestress steel beams or girders.  Until examples are produced utilizing the other proven 
methods of prestressing steel, it cannot be definitively stated that the additional costs of prestressing 
steel will always outweigh the raw material savings.   
Additionally, the manner in which the prestressed girder strands were anchored to the girders 
leaves room for improvement.  The concrete diaphragms described in this research were based on 
precedent; however there may be more efficient methods to anchor the strands to the girders.  New 
anchorage details could be designed, modeled, and tested to improve upon the designs shown here.   
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 Appendix A: Standard Girder Design Calculations 
150 Foot Span 
Table A-1: Final 150 Foot Standard Girder Design 
 
 
Table A-1 shows the final girder designs for the 150 foot span standard girder.  All of the 
calculations completed by the standard girder design spreadsheet needed to be checked once the final 
design was found.  These AASHTO checks are found below, with reference to the specific article within 
AASHTO being checked. 
Without longitudinal stiffeners the girder sections are required by AASHTO to satisfy proportion 
limits.  The first limits are based on the proportions of the web.  These proportion checks can be found 
below. 
 
Positive Girder Section: 
 150
w
D
t
   (Article 6.10.2.1.1-1) 
 
68"
109 150
0.625"w
D
t
     
Negative Girder Section: 
 
 150
w
D
t
   (Article 6.10.2.1.1-1) 
Steel Grade Depth Thickness Width Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 3/4 in 14 in 70 ksi - 2 in 19 in
Web: 50 ksi 68in 5/8 in - 50 ksi 68 in 3/4 in -
Bottom Flange: 70 ksi - 1 in 20 in 70 ksi - 2 1/2 in 20 in
150 Foot Standard Girder
(Positive Girder Section)
150 Foot Standard Girder
(Negative Girder Section)
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68"
90.7 150
0.75"w
D
t
     
 
Additionally there are proportion checks that have to be made for the flanges of the girder sections.  
There are four checks on the flange proportions which have to be done for the top and the bottom 
flange of the girder section.  Below are these four checks for the top and bottom flanges for the positive 
and negative girder sections. 
 
Positive Girder Section: 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
 
14"
9.3 12
2 2(0.75")
f
f
b
t
     
 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
 
20"
10 12
2 2(1.0")
f
f
b
t
     
 
 
6
f
D
b    (Article 6.10.2.2-2) 
 
68"
14" 11.3"
6 6
f
D
b       
 
 
6
f
D
b    (Article 6.10.2.2-2) 
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68"
20" 11.3"
6 6
f
D
b       
 
 1.1f wt t   (Article 6.10.2.2-3) 
 0.75" 1.1 1.1(0.625") 0.69"f wt t      
 
 1.1f wt t   (Article 6.10.2.2-3) 
 1.0" 1.1 1.1(0.625") 0.69"f wt t      
 
 0.1 10
yc
yt
I
I
    (Article 6.10.2.2-4) 
 
3
3
1
(0.75")(14")
12
0.1 0.26 10
1
(1.0")(20")
12
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yt
I
I
 
 
    
 
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 
  
 
 
Negative Girder Section: 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
 
19"
4.75 12
2 2(2.0")
f
f
b
t
     
 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
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20"
4.0 12
2 2(2.5")
f
f
b
t
     
 
 
6
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b    (Article 6.10.2.2-2) 
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19" 11.3"
6 6
f
D
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6
f
D
b    (Article 6.10.2.2-2) 
 
68"
20" 11.3"
6 6
f
D
b       
 
 1.1f wt t   (Article 6.10.2.2-3) 
 2.0" 1.1 1.1(0.75") 0.83"f wt t      
 
 1.1f wt t   (Article 6.10.2.2-3) 
 2.5" 1.1 1.1(0.75") 0.83"f wt t      
 
 0.1 10
yc
yt
I
I
    (Article 6.10.2.2-4) 
 
3
3
(2.5")(20")
0.1 1.46 10
(2.0")(19")
yc
yt
I
I
      
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The strength limits of the positive girder section are checked with the many calculations laid out below.  
Appendix D6 of the AASHTO LRFD Bridge Design Specifications contains a set of fundamental 
calculations for flexural members.  D6.1 in this Appendix is used to calculate the plastic neutral axis and 
plastic moment.  These calculations are as follows. 
 
 (70 )(20")(1.0") 1,400t yt t tP F bt ksi k     (Article D6.1) 
 (50 )(68")(0.625") 2,125w yw wP F Dt ksi k     (Article D6.1) 
 (50 )(14")(0.75") 525c yc c cP F b t ksi k     (Article D6.1) 
 0.85(4.5 )(144")(10" 1") 4,957sP ksi k     (Article D6.1) 
 
If
t w c sP P P P   , according to table D6.1.1, then the plastic neutral axis lies in the deck slab.  
 
 1,400 2,125 525 4,050 4,957t w c sP P P k k k k P k          
 
Because the plastic neutral axis is in the deck slab, the depth of the web in compression at the plastic 
moment is zero, 0"c pD  . 
 
To determine the section classification of the positive girder section there is an additional check laid out 
in Article 6.10.6.2 of the AASHTO Specification.  
 
 
2
3.76
cp
w yc
D E
t F
   (Article 6.10.6.2.2-1) 
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2(0") 29,000
0 3.76 90.6
0.625" 50
ksi
ksi
     
 
Now that this check has been done, according to Article 6.10.6.2.2, the positive girder section can be 
classified as Compact. 
  
Now that it has been shown that the positive girder section is compact, the strength limits can be 
calculated according to AASHTO’s guidelines for compact sections in positive flexure.  These checks are 
laid out below. 
To determine the nominal flexural resistance of the positive girder section, article 6.10.7.1.2 
explains which equation to use depending on the depth of the neutral axis at the plastic moment as it 
relates to the overall depth of the composite girder section.   
 
 If
p tD D  , then n pM M  (Article 6.10.7.1.2-1) 
  
  1.0" 68" 3" 9" 81.0"tD        
  to tp
s
p s
c wP P PD Y t
P
  
   
 
  (Case III, Table D6.1-1) 
 
525 2,125 1,400
(9.0") 7.35"
4,957
p
k k k
D
k
  
  
 
  
 
 0.1p tD D    
 7.35" 0.1 (0.1)(81.0") 8.1"p tD D      
 n pM M    
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Table D6.1-1 can be used again, this time to determine the plastic moment.  To use the equations laid 
out in the table, the distances from the neutral axis at the plastic moment to the centroid of the various 
elements (compression flange, web, and tension flange) need to be calculated. 
 
 
1
9" 3" (0.75") 7.35" 4.28"
2
cd
 
     
 
  (compression flange) 
 
1
9" 3" (68") 7.35" 38.65"
2
wd
 
     
 
  (web) 
 
1
9" 3" 68" (1") 7.35" 73.15"
2
td
 
      
 
   (tension flange) 
 
Now that these values are known, the equation for the plastic moment can be pulled from table D6.1. 
 
 
2
( )
2
p s
p c c w w t t
s
D P
M P d P d Pd
t
 
    
  
  (Case III, Table D6.1-1) 
  
2(7.35") (4,957 )
(525 )(4.28") (2,125 )(38.65") (1,400 )(73.15") 16,805 -
(2)(9")
p
k
M k k k k ft
 
     
 
  
 
As shown before, 16,805 -n pM M k ft    
  
There is an additional check that must be satisfied for the nominal flexural resistance.  This is found in 
article 6.10.7.1.2-3 and requires the calculation of the yield moment, and hybrid factor.  To calculate the 
yield moment, Appendix D6.2.2 is used.  The equation below uses moment values that are again pulled 
from the SAP 2000 output, in order to find 
ADM .   
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 1 2D D AD
y f
N C LT ST
M M M
F
S S S
     (Article D6.2.2-1) 
 
 
3 3 3
(2,211 - ) 12 (452 - ) 12 12
70
1,676 2,342 2,550
AD
in in in
k ft k ft M
ft ft ft
ksi
in in in
     
     
          
 11,020 -ADM k ft   
 
Once 
ADM is found, the yield moment can be calculated according to D6.2.2. 
 
 
1 2y D D ADM M M M     (Article D6.2.2-2) 
 2,561 - 460 - 11,020 - 13,683 -yM k ft k ft k ft k ft      
 
Lastly before the last check of the nominal flexural resistance can be made, the hybrid factor must be 
calculated.  This involves a few intermediate calculations which can be found below. 
 
 
2 n w
f n
D t
A
    (Article 6.10.1.10.1-2) 
 
2(61.35")(0.625")
3.83
(1.0")(20")
     
 
 1.0
yw
n
F
f
     (Article 6.10.1.10.1-2) 
 
50
0.714
70
ksi
ksi
     
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312 (3 )
12 2
hR
  

 


  (Article 6.10.1.10.1-1) 
 
312 3.83 3(0.714) (0.714)
0.957
12 2(3.83)
hR
    

  
 
Now all the pieces can be put together to check the nominal flexural resistance according to the final 
equation of article 6.10.7.1.2.   
 
 1.3n h yM R M   (Article 6.10.7.1.2-3) 
 (1.3)(0.957)(13,683 - ) 17,023 -nM k ft k ft   
 16,805 - 17,023 -nM k ft k ft    
 
This last check on the nominal flexural resistance ends up being the controlling value.  So the final 
nominal flexural resistance is new defined. 
 
 16,805 -nM k ft   
 
The ultimate moment, 
uM , of the girder was calculated from the output of the SAP 2000 model.  The 
controlling ultimate moment was that of the strength 1 load combination. 
 
13,391 -uM k ft  
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Now all the values have been found to check the strength limit of the positive girder section.  The 
section must satisfy the following AASHTO article. 
 
1
3
u l xt f nM f S M    (Article 6.10.7.1.1-1) 
 
The flange lateral bending stress as determined by Article 6.10.1.6 is zero for the top flange because the 
girder is composite with the deck slab, making it continuously braced.  Assume there is no wind which 
would make the flange lateral bending stress zero for the bottom flange as well.  Therefore, the 
following calculation can apply to both flanges. 
 
 0lf    
 
1
3
u l xt f nM f S M   
 13,391 - 0 1.0(16,805 -ft)=16,805 -ftk ft k k    
 13,391 - 16,805 -ftk ft k  OK 
 
This last check shows that the flexural capacity of the positive girder section is sufficient. 
The last check on the positive girder section is a ductility check laid out in article 6.10.7.3.  The 
value for the depth of the neutral axis at the plastic moment was calculated earlier and is used again 
here.  Additionally the overall depth of the composite section is needed.   
 
 7.35"pD    
 9" 3" 68" 1" 81"tD        
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 0.42p tD D   (Article 6.10.7.3-1) 
 7.35" 0.42 0.42(81") 34.02"p tD D      
 7.35" 34.02"   OK 
 
The positive girder section satisfies this ductility check.  Now the positive girder section has passed all of 
the checks laid out in the AASHTO LRFD Bridge Design Specification.   
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Now the nominal flexural resistance of the negative girder section needs to be calculated.  To be 
classified as non-slender article 6.10.6.2.3 lays out a check for the web and a check for the flanges.  
Before these two checks can be made, the depth of the web in compression in the elastic range, 
cD , 
needs to be calculated according to Article D6.3.1. 
 
 
c n fD D t    (Article D6.3.1) 
 33.39" 2.5" 30.89"cD      
 
Now that the depth of the web in compression in the elastic range is known, the checks to determine 
the section classification of the negative girder section can be done. 
 
 
2
5.7c
w yc
D E
t F
   (Article 6.10.6.2.3-1) 
 
2(30.89") 29,000
82.37 5.7 116.0
(0.75") 70
ksi
ksi
     
 
 0.3
yc
yt
I
I
   (Article 6.10.6.2.3-2) 
 
3
4
4
3
1
(2.5")(20")
1,66712
1.46 0.3
1 1,143
(2.0")(19")
12
yc
yt
I in
I in
 
 
    
 
 
 
  
 
Based on these calculations and according to article 6.10.6.2.3, the negative girder section can be 
classified as Non-Slender. 
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Article 6.10.8 is used to determine the flexural resistance of composite sections in negative 
flexure.  The flexural strength of the negative girder section requires a check of the flange in 
compression and the flange in compression.  Starting with the compression flange, the flange stress 
needs to be calculated.  The calculation requires moment values from the output from the SAP 2000 
model as well as section properties which were calculated in the girder design spreadsheet.  The 
following is the calculation of the flange stress for the compression flange. 
 
 1 2
1.25 1.25 1.5 1.75DC DC DW LL
bu
BS C R
M M M M
f
S S
    
    
   
  (Article 6.10.1.1.1c) 
 
3
1.25(6,017 - ) 12
 ...
3,804
bu
in
k ft
ft
f
in
  
  
   
 
 
 
 
 
3
1.25(1,049 - ) 12 1.5(1,917 - ) 12 1.75(6,312 - ) 12
4149
in in in
k ft k ft k ft
ft ft ft
in
      
       
      
 
 
 
 
 67.8buf ksi   
 
The tension flange stress also needs to be calculated. 
 
 1 2
1.25 1.25 1.5 1.75DC DC DW LL
bu
BS C R
M M M M
f
S S
    
    
   
  (Article 6.10.1.1.1c) 
 
3
1.25(6,017 - ) 12
 ...
3,248
bu
in
k ft
ft
f
in
  
  
   
 
 
 
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3
1.25(1,049 - ) 12 1.5(1,917 - ) 12 1.75(6,312 - ) 12
4,679
in in in
k ft k ft k ft
ft ft ft
in
      
       
      
 
 
 
  
66.9buf ksi  
 
To determine the local buckling resistance, the slenderness ratios for the compression flange, a compact 
flange, and a noncompact flange need to be calculated. 
In order to calculate the slenderness ratio for the noncompact flange, the strength of the 
compression flange at the onset of yielding is needed.  It depends on the strength of the compression 
flange and the strength of the web. 
 
0.7
0.5
yr yc yw
yr yc
F F F
F F
 

  
 
0.7(70 ) 49 50
49 0.5 0.5(70 ) 35
yr yw
yr yc
F ksi ksi F ksi
F ksi F ksi ksi
   
   
  
 49yrF ksi   
 
 
2
f c
f
f c
b
t
    (Article 6.10.8.2.2-3) 
 
20"
4
2(2.5")
f     
 
 0.38p f
yc
E
F
    (Article 6.10.8.2.2-4) 
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29,000
0.38 7.73
70
p f
ksi
ksi
     
 
 0.56r f
yr
E
F
    (Article 6.10.8.2.2-1) 
 
29,000
0.56 13.6
49
r f
ksi
ksi
     
 
A comparison of the slenderness ratio for the compression flange and the slenderness ratio of a 
compact and noncompact flange determines the equation that is used to calculate the local buckling 
strength of the negative girder section. 
 4 7.73f p f       
 
nc b h ycF R R F    (Article 6.10.8.2.2-1) 
 
The web load-shredding factor and hybrid factor are found according to article 6.10.1.10.  
 
 1.0bR    (Article 6.10.1.10.2) 
 
 
2 n w
f n
D t
A
    (Article 6.10.1.10.1-2) 
 
2(55.02")(0.75")
1.65
(2.5")(20")
     
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 1.0
yw
n
F
f
     (Article 6.10.1.10.1-2) 
 
50
0.714
70
ksi
ksi
     
 
 
312 (3 )
12 2
hR
  

 


  (Article 6.10.1.10.1-1) 
 
312 1.65 3(0.714) (0.714)
0.976
12 2(1.65)
hR
    

  
 
Now that these factors have been calculated they can be used to calculate the local buckling strength of 
the compression and tension flanges. 
 
 
nc b h ycF R R F   (Article 6.10.8.2.2-1) 
 (1.0)(0.976)(70 ) 68.3ncF ksi ksi    
 
 
nt h ytF R F   (Article 6.10.8.3-1) 
 0.976(70 ) 68.3ntF ksi ksi    
 
Now all the values needed to check the local buckling strength of the flanges have been calculated.  
 
 
1
3
bu l ncf f F    (Article 6.10.8.1.1-1) 
 67.8 0 67.8 1.0(68.3 ) 68.3ksi ksi ksi ksi      
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 68.1 68.3ksi ksi  OK 
  
 
1
3
bu l ntf f F    (Article 6.10.8.1.2-1) 
 66.9 0 66.9 1.0(68.3 ) 68.3ksi ksi ksi ksi      
 68.1 68.3ksi ksi  OK 
 
The local buckling strength of both of the compression and tension flanges satisfies the requirements of 
the AASHTO LRFD Bridge Design Specification. 
The last check required for the negative girder section is a check of the compression flange’s 
strength against lateral torsional buckling. The unbraced length has to be compared to the limiting 
unbraced length in order to determine the equation for the nominal resistance against lateral torsional 
buckling. 
The cross frame spacing was chosen to be 7.5 feet which makes the unbraced length is 90 
inches. 
 
 (7.5')(12") 90"bL     
 
To calculate the limiting unbraced length the effective radius of gyration for lateral torsional buckling, 
tr   
has to be calculated first. 
 
 
12 1
3
f c
t
c w
f c f c
b
r
D t
b t

 
  
 
  (Article 6.10.8.2.3-9) 
Appendix A 
109 
 
20"
5.37
(30.89")(0.75")
12 1
3(20")(2.5")
tr  
 
 
 
 
 
Now that the radius of gyration is calculated, the limiting unbraced length can be calculated according to 
article 6.10.8.3-4. 
 
 1.0p t
yc
E
L r
F
   (Article 6.10.8.2.3-4) 
 
29,000
1.0(5.37) 109.3"
70
p
ksi
L
ksi
    
 
Based on the comparison of the unbraced length to the limiting unbraced length, article 6.10.8.2.3 gives 
equations to find the strength of the compression flange in lateral torsional buckling.  
 
 90" 109.3"b pL L     
 
nc b h ycF R R F    (Article 6.10.8.2.3-1) 
 (1.0)(0.976)(70 ) 68.32ncF ksi ksi    
 
The compression flange strength in lateral torsional buckling is compared against the stress in the 
compression flange according to the same equation used for the local buckling strength of the flanges.  
Below the comparison is made. 
 
1
3
bu l ncf f F    (Article 6.10.8.1.1-1) 
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1
67.8 (0) 67.8 1.0(68.32 ) 68.32
3
ncksi ksi F ksi ksi       
 67.8 68.32ksi ksi   OK 
 
The strength of the compression flange is adequate to resist lateral torsional buckling.  This was the last 
check required by the AASHTO specification of the negative girder section, which means it is adequate.  
Both the positive and negative girder sections check out against all of the AASHTO specification checks. 
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200 Foot Span 
Table A-2: Final 200 Foot Standard Girder Design 
 
 
Table A-2 shows the final girder designs for the 200 foot span standard girder.  All of the 
calculations completed by the standard girder design spreadsheet needed to be checked once the final 
design was found.  These AASHTO checks are found below, with reference to the specific article within 
AASHTO being checked. 
Without longitudinal stiffeners the girder sections are required by AASHTO to satisfy proportion 
limits.  The first limits are based on the proportions of the web.  These proportion checks can be found 
below. 
 
Positive Girder Section: 
 150
w
D
t
   (Article 6.10.2.1.1-1) 
 
75"
100 150
0.75"w
D
t
    
Negative Girder Section: 
 
 150
w
D
t
   (Article 6.10.2.1.1-1) 
Steel Grade Depth Thickness Width Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 0.875 in 14 in 70 ksi - 2.75 in 24 in
Web: 50 ksi 75 in 0.75 in - 50 ksi 75 in 0.75 in -
Bottom Flange: 70 ksi - 1 in 24 in 70 ksi - 3 in 26 in
200 Foot Standard Girder
(Negative Girder Section)
200 Foot Standard Girder
(Positive Girder Section)
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75"
100 150
0.75"w
D
t
     
 
Additionally there are proportion checks that have to be made for the flanges of the girder sections.  
There are four checks on the flange proportions which have to be done for the top and the bottom 
flange of the girder section.  Below are these four checks for the top and bottom flanges for the positive 
and negative girder sections. 
 
Positive Girder Section: 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
 
14"
8.0 12
2 2(0.875")
f
f
b
t
     
 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
 
24"
12 12
2 2(1.0")
f
f
b
t
     
 
 
6
f
D
b    (Article 6.10.2.2-2) 
 
75"
14" 12.5"
6 6
f
D
b       
 
 
6
f
D
b    (Article 6.10.2.2-2) 
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68"
24" 12.5"
6 6
f
D
b       
 
 1.1f wt t   (Article 6.10.2.2-3) 
 0.875" 1.1 1.1(0.75") 0.83"f wt t      
 
 1.1f wt t   (Article 6.10.2.2-3) 
 1.0" 1.1 1.1(0.75") 0.83"f wt t      
 
 0.1 10
yc
yt
I
I
    (Article 6.10.2.2-4) 
 
3
3
1
(0.875")(14")
12
0.1 0.174 10
1
(1.0")(24")
12
yc
yt
I
I
 
 
    
 
 
 
  
 
 
Negative Girder Section: 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
 
24"
4.36 12
2 2(2.75")
f
f
b
t
     
 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
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26"
4.33 12
2 2(3.0")
f
f
b
t
     
 
 
6
f
D
b    (Article 6.10.2.2-2) 
 
75"
24" 12.5"
6 6
f
D
b       
 
 
6
f
D
b    (Article 6.10.2.2-2) 
 
75"
26" 12.5"
6 6
f
D
b       
 
 1.1f wt t   (Article 6.10.2.2-3) 
 2.75" 1.1 1.1(0.75") 0.83"f wt t      
 
 1.1f wt t   (Article 6.10.2.2-3) 
 3.0" 1.1 1.1(0.75") 0.83"f wt t      
 
 0.1 10
yc
yt
I
I
    (Article 6.10.2.2-4) 
 
3
3
(3.0")(26")
0.1 1.39 10
(2.75")(24")
yc
yt
I
I
      
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The strength limits of the positive girder section are checked with the many calculations laid out 
below.  Appendix D6 of the AASHTO LRFD Bridge Design Specifications contains a set of fundamental 
calculations for flexural members.  D6.1 in this Appendix is used to calculate the plastic neutral axis and 
plastic moment.  These calculations are as follows. 
 
 (70 )(24")(1.0") 1,680t yt t tP F bt ksi k     (Article D6.1) 
 (50 )(75")(0.75") 2,813w yw wP F Dt ksi k     (Article D6.1) 
 (50 )(14")(0.875") 613c yc c cP F b t ksi k     (Article D6.1) 
 0.85(4.5 )(144")(10" 1") 4,957sP ksi k     (Article D6.1) 
 
If
t w c sP P P P   , according to table D6.1.1, then the plastic neutral axis lies in the top flange  
 
 1,680 2,813 613 5,106 4,957t w c sP P P k k k k P k          
 
Because the plastic neutral axis is in the top flange, the depth of the web in compression at the plastic 
moment is zero, 0"c pD  . 
 
To determine the section classification of the positive girder section there is an additional check laid out 
in Article 6.10.6.2 of the AASHTO Specification.  
 
 
2
3.76
cp
w yc
D E
t F
   (Article 6.10.6.2.2-1) 
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2(0") 29,000
0 3.76 90.6
0.75" 50
ksi
ksi
     
 
Now that this check has been done, according to Article 6.10.6.2.2, the positive girder section can be 
classified as Compact. 
  
Now that it has been shown that the positive girder section is compact, the strength limits can 
be calculated according to AASHTO’s guidelines for compact sections in positive flexure.  These checks 
are laid out below. 
To determine the nominal flexural resistance of the positive girder section, article 6.10.7.1.2 
explains which equation to use depending on the depth of the neutral axis at the plastic moment as it 
relates to the overall depth of the composite girder section.   
 
 If
p tD D  , then n pM M  (Article 6.10.7.1.2-1) 
  
  1" 75" 3" 9" 88"tD        
  1
2
wc
to
t s
p
c
t P P P
Y
P
  
  
 
  (Case II, Table D6.1-1) 
 
0.875" 2,813 1,680 4,957
1 0.106"
2 613
top
k k k
Y
k
    
     
   
  
 
 9" 3" 0.875"p topD Y     
 0.106" 9" 3" 0.875" 11.23"pD       
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 0.1p tD D    
 11.23" 0.1 (0.1)(88") 8.8"p tD D      
 
Since the depth of the neutral axis at the plastic moment is greater than 0.1 times the overall depth of 
the composite girder section, AASHTO defines the nominal flexural resistance as follows. 
 
 1.07 0.7p
t
n
pD
M M
D
 
   
 
  (Article 6.10.7.1.2-1) 
 
Table D6.1-1 can be used again, this time to determine the plastic moment.  To use the equations laid 
out in the table, the distances from the neutral axis at the plastic moment to the centroid of the various 
elements (deck slab, web, and tension flange) need to be calculated. 
 
 
1
11.23" (9") 6.73"
2
sd      (deck slab) 
 
1
9" 3" (75") 11.23" 38.27"
2
wd
 
     
 
  (web) 
 
1
9" 3" 75" (1") 11.23" 76.27"
2
td
 
      
 
  (tension flange) 
 
Now that these values are known, the equation for the plastic moment can be pulled from table D6.1. 
 
  2 2( )
2
c
p c s s w w t t
c
P
M Y t Y Pd P d Pd
t
          (Table D6.1-1) 
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2 2613 (0.106") (0.875" 0.106")  ...
2(0.875")
p
k
M        
  (4,957 )(6.73") (2,813 )(38.27") (1,680 )(76.27")k k k   
 22,445 -pM k ft   
 
From earlier we have the equation, and now the plastic moment can be plugged in to solve for the value 
of the nominal flexural resistance. 
 
 1.07 0.7
p
p
t
n
D
M M
D
 
  
 
  (Article 6.10.7.1.2-1) 
 
11.23"
(22,445 - ) 1.07 0.7 22,011 -
88"
nM k ft k ft
  
    
  
  
 
There is an additional check that must be satisfied for the nominal flexural resistance.  This is found in 
article 6.10.7.1.2-3 and requires the calculation of the yield moment, and hybrid factor.  To calculate the 
yield moment, Appendix D6.2.2 is used.  The equation below uses moment values that are again pulled 
from the SAP 2000 output, in order to find 
ADM . 
 
 1 2D D AD
y f
N C LT ST
M M M
F
S S S
     (Article D6.2.2-1) 
 
 
3 3 3
(4,042 - ) 12 (784 - ) 12 12
70
2,272 3,107 3,422
AD
in in in
k ft k ft M
ft ft ft
ksi
in in in
     
     
          
 13,010 -ADM k ft   
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Once 
ADM is found, the yield moment can be calculated according to D6.2.2. 
 
 
1 2y D D ADM M M M     (Article D6.2.2-2) 
 4,042 - 784 - 13,010 - 17,836 -yM k ft k ft k ft k ft      
 
Lastly before the last check of the nominal flexural resistance can be made, the hybrid factor must be 
calculated.  This involves a few intermediate calculations which can be found below. 
 
 
2 n w
f n
D t
A
    (Article 6.10.1.10.1-2) 
 
2(65.57" 1")(0.75")
4.04
(1.0")(24")


    
 
 1.0
yw
n
F
f
     (Article 6.10.1.10.1-2) 
 
50
0.714
70
ksi
ksi
     
 
 
312 (3 )
12 2
hR
  

 


  (Article 6.10.1.10.1-1) 
 
312 4.04 3(0.714) (0.714)
0.955
12 2(4.04)
hR
    

  
 
Now all the pieces can be put together to check the nominal flexural resistance according to the final 
equation of article 6.10.7.1.2.   
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 1.3n h yM R M   (Article 6.10.7.1.2-3) 
 1.3(0.955)(17,836 - ) 22,143 -nM k ft k ft   
 22,011 - 22,143 -nM k ft k ft    OK 
 
This last check on the nominal flexural resistance does not end up controlling the value of the nominal 
resistance.  So the final nominal flexural resistance is new known. 
 
 22,011 -nM k ft   
 
The ultimate moment, 
uM , of the girder was calculated from the output of the SAP 2000 model.  The 
controlling ultimate moment was that of the strength 1 load combination. 
 
 21,391 -uM k ft   
 
Now all the values have been found to check the strength limit of the positive girder section.  The 
section must satisfy the following AASHTO article. 
 
 
1
3
u l xt f nM f S M    (Article 6.10.7.1.1-1) 
 
The flange lateral bending stress as determined by Article 6.10.1.6 is zero for the top flange because the 
girder is composite with the deck slab, making it continuously braced.  Assume there is no wind which 
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would make the flange lateral bending stress zero for the bottom flange as well.  Therefore, the 
following calculation can apply to both flanges. 
 
 0lf    
 
 
1
3
u l xt f nM f S M    
 21,391 - 0 1.0(22,011 -ft)=22,011 -ftk ft k k    
 21,391 - 22,011 -ftk ft k  OK 
 
This last check shows that the flexural capacity of the positive girder section is sufficient. 
The last check on the positive girder section is a ductility check laid out in article 6.10.7.3.  The 
value for the depth of the neutral axis at the plastic moment was calculated earlier and is used again 
here.  Additionally the overall depth of the composite section is needed.   
 
 11.23"pD    
  1" 75" 3" 9" 88"tD        
 
 0.42p tD D   (Article 6.10.7.3-1) 
 11.23" 0.42 0.42(88") 36.96"p tD D      
 11.23" 36.96"   OK 
 
The positive girder section satisfies the ductility check.  Now the positive girder section has passed all of 
the checks laid out in the AASHTO LRFD Bridge Design Specification.    
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Next the nominal flexural resistance of the negative girder section needs to be calculated.  To be 
classified as non-slender article 6.10.6.2.3 lays out a check for the web and a check for the flanges.  
Before these two checks can be made, the depth of the web in compression in the elastic range, 
cD , 
needs to be calculated according to Article D6.3.1. 
 
 
c n fD D t    (Article D6.3.1) 
 38.12" 3.0" 35.12"cD      
 
Now that the depth of the web in compression in the elastic range is known, the checks to determine 
the section classification of the negative girder section can be done. 
 
 
2
5.7c
w yc
D E
t F
   (Article 6.10.6.2.3-1) 
 
2(35.12") 29,000
93.65 5.7 116.0
(0.75") 70
ksi
ksi
     
 
 0.3
yc
yt
I
I
   (Article 6.10.6.2.3-2) 
 
3
4
4
3
1
(3.0")(26")
439412
1.39 0.3
1 3,168
(2.75")(24")
12
yc
yt
I n
I in
 
 
    
 
 
 
  
 
Based on these calculations and according to article 6.10.6.2.3, the negative girder section can be 
classified as Non-Slender. 
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Article 6.10.8 is used to determine the flexural resistance of composite sections in negative 
flexure.  The flexural strength of the negative girder section requires a check of the flange in 
compression and the flange in compression.  Starting with the compression flange, the flange stress 
needs to be calculated.  The calculation requires moment values from the output from the SAP 2000 
model as well as section properties which were calculated in the girder design spreadsheet.  The 
following is the calculation of the flange stress for the compression flange. 
 
 1 2
1.25 1.25 1.5 1.75DC DC DW LL
bu
BS C R
M M M M
f
S S
    
    
   
  (Article 6.10.1.1.1c) 
 
3
1.25(11,795 - ) 12
 ...
6,393
bu
in
k ft
ft
f
in
  
  
   
 
 
 
  
 
3
1.25(1,941 - ) 12 1.5(3,548 - ) 12 1.75(8,051 - ) 12
6,724
in in in
k ft k ft k ft
ft ft ft
in
      
       
      
 
 
 
  
66.6buf ksi  
 
The tension flange stress also needs to be calculated. 
 
 1 2
1.25 1.25 1.5 1.75DC DC DW LL
bu
BS C R
M M M M
f
S S
    
    
   
  (Article 6.10.1.1.1c) 
 
3
1.25(11,795 - ) 12
 ...
5,717
bu
in
k ft
ft
f
in
  
  
   
 
 
 
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3
1.25(1,941 - ) 12 1.5(3,548 - ) 12 1.75(8,051 - ) 12
7,290
in in in
k ft k ft k ft
ft ft ft
in
      
       
      
 
 
 
  
66.9buf ksi  
 
 
To determine the local buckling resistance, the slenderness ratios for the compression flange, a compact 
flange, and a noncompact flange need to be calculated. 
In order to calculate the slenderness ratio for the noncompact flange, the strength of the 
compression flange at the onset of yielding is needed.  It depends on the strength of the compression 
flange and the strength of the web. 
 
0.7
0.5
yr yc yw
yr yc
F F F
F F
 

  
 
0.7(70 ) 49 50
49 0.5 0.5(70 ) 35
yr yw
yr yc
F ksi ksi F ksi
F ksi F ksi ksi
   
   
  
 49yrF ksi   
 
 
2
f c
f
f c
b
t
    (Article 6.10.8.2.2-3) 
 
26"
4.33
2(3.0")
f     
 
 0.38p f
yc
E
F
    (Article 6.10.8.2.2-4) 
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29,000
0.38 7.73
70
p f
ksi
ksi
     
 
 0.56r f
yr
E
F
    (Article 6.10.8.2.2-1) 
 
29,000
0.56 13.6
49
r f
ksi
ksi
     
 
A comparison of the slenderness ratio for the compression flange and the slenderness ratio of a 
compact and noncompact flange determines the equation that is used to calculate the local buckling 
strength of the negative girder section. 
 4.33 7.73f p f       
 
nc b h ycF R R F    (Article 6.10.8.2.2-1) 
 
The web load-shredding factor and hybrid factor are found according to article 6.10.1.10.  
 
 1.0bR    (Article 6.10.1.10.2) 
 
 
2 n w
f n
D t
A
    (Article 6.10.1.10.1-2) 
 
2(56.35")(0.75")
1.08
(3.0")(26")
     
 
 1.0
yw
n
F
f
     (Article 6.10.1.10.1-2) 
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50
0.714
70
ksi
ksi
     
 
 
312 (3 )
12 2
hR
  

 


  (Article 6.10.1.10.1-1) 
 
312 1.08 3(0.714) (0.714)
0.983
12 2(1.08)
hR
    

  
 
Now that these factors have been calculated they can be used to calculate the local buckling strength of 
the compression and tension flanges. 
 
 
nc b h ycF R R F   (Article 6.10.8.2.2-1) 
 (1.0)(0.983)(70 ) 68.8ncF ksi ksi    
 
 
nt h ytF R F   (Article 6.10.8.3-1) 
 0.983(70 ) 68.8ntF ksi ksi    
 
Now all the values needed to check the local buckling strength of the flanges have been calculated.  
 
 
1
3
bu l ncf f F    (Article 6.10.8.1.1-1) 
 66.6 0 66.6 1.0(68.3 ) 68.3ksi ksi ksi ksi      
 68.1 68.3ksi ksi  OK 
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1
3
bu l ntf f F    (Article 6.10.8.1.2-1) 
 66.9 0 66.9 1.0(68.3 ) 68.3ksi ksi ksi ksi      
 68.1 68.3ksi ksi  OK 
 
The local buckling strength of both of the compression and tension flanges satisfies the requirements of 
the AASHTO LRFD Bridge Design Specification. 
The last check required for the negative girder section is a check of the compression flange’s 
strength against lateral torsional buckling. The unbraced length has to be compared to the limiting 
unbraced length in order to determine the equation for the nominal resistance against lateral torsional 
buckling. 
 
The cross frame spacing was chosen to be 7.5 feet which makes the unbraced length is 90 inches. 
 
 (7.5')(12") 90"bL     
 
To calculate the limiting unbraced length the effective radius of gyration for lateral torsional buckling, rt 
has to be calculated first. 
 
 
12 1
3
f c
t
c w
f c f c
b
r
D t
b t

 
  
 
  (Article 6.10.8.2.3-9) 
26"
7.12
(35.12")(0.75")
12 1
3(26")(3.0")
tr  
 
 
 
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Now that the radius of gyration is calculated, the limiting unbraced length can be calculated according to 
article 6.10.8.3-4. 
 
 1.0p t
yc
E
L r
F
   (Article 6.10.8.2.3-4) 
 
29,000
1.0(7.12) 144.8"
70
p
ksi
L
ksi
    
 
Based on the comparison of the unbraced length to the limiting unbraced length, article 6.10.8.2.3 gives 
equations to find the strength of the compression flange in lateral torsional buckling.  
 
 90" 144.8"b pL L     
 
nc b h ycF R R F    (Article 6.10.8.2.3-1) 
 (1.0)(0.983)(70 ) 68.81ncF ksi ksi    
 
The compression flange strength in lateral torsional buckling is compared against the stress in the 
compression flange according to the same equation used for the local buckling strength of the flanges.  
Below the comparison is made. 
 
1
3
bu l ncf f F    (Article 6.10.8.1.1-1) 
 
1
66.6 (0) 66.6 1.0(68.32 ) 68.81
3
ncksi ksi F ksi ksi       
 66.6 68.81ksi ksi   OK 
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The strength of the compression flange is adequate to resist lateral torsional buckling.  This was the last 
check required by the AASHTO specification of the negative girder section, which means it is adequate.  
Both the positive and negative girder sections check out against all of the AASHTO specification checks. 
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250 Foot Span 
Table A-3: Final 250 Foot Standard Girder Design 
 
 
Table A-3 shows the final girder designs for the 250 foot span standard girder.  All of the 
calculations completed by the standard girder design spreadsheet needed to be checked once the final 
design was found.  These AASHTO checks are found below, with reference to the specific article within 
AASHTO being checked. 
Without longitudinal stiffeners the girder sections are required by AASHTO to satisfy proportion 
limits.  The first limits are based on the proportions of the web.  These proportion checks can be found 
below. 
 
Positive Girder Section: 
 150
w
D
t
   (Article 6.10.2.1.1-1) 
 
90"
144 150
0.625"w
D
t
    
Negative Girder Section: 
 
 150
w
D
t
   (Article 6.10.2.1.1-1) 
Steel Grade Depth Thickness Width Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 16 in 70 ksi - 4.25 in 22 in
Web: 50 ksi 90 in 0.625 in - 50 ksi 90 in 0.75 in -
Bottom Flange: 70 ksi - 1.75 in 20 in 70 ksi - 4 in 26 in
250 Foot Standard Girder
(Negative Girder Section)
250 Foot Standard Girder
(Positive Girder Section)
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90"
120 150
0.75"w
D
t
     
 
Additionally there are proportion checks that have to be made for the flanges of the girder sections.  
There are four checks on the flange proportions which have to be done for the top and the bottom 
flange of the girder section.  Below are these four checks for the top and bottom flanges for the positive 
and negative girder sections. 
 
Positive Girder Section: 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
 
16"
8.0 12
2 2(1.0")
f
f
b
t
     
 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
 
20"
5.71 12
2 2(1.75")
f
f
b
t
     
 
 
6
f
D
b    (Article 6.10.2.2-2) 
 
90"
16" 15"
6 6
f
D
b       
 
 
6
f
D
b    (Article 6.10.2.2-2) 
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90"
20" 15"
6 6
f
D
b       
 
 1.1f wt t   (Article 6.10.2.2-3) 
 1.0" 1.1 1.1(0.625") 0.69"f wt t      
 
 1.1f wt t   (Article 6.10.2.2-3) 
 1.75" 1.1 1.1(0.625") 0.69"f wt t      
 
 0.1 10
yc
yt
I
I
    (Article 6.10.2.2-4) 
 
3
3
1
(1.0")(16")
12
0.1 0.293 10
1
(1.75")(20")
12
yc
yt
I
I
 
 
    
 
 
 
  
 
 
Negative Girder Section: 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
 
22"
3.38 12
2 2(3.25")
f
f
b
t
     
 
 12
2
f
f
b
t
   (Article 6.10.2.2-1) 
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26"
3.25 12
2 2(4.0")
f
f
b
t
     
 
 
6
f
D
b    (Article 6.10.2.2-2) 
 
90"
22" 15"
6 6
f
D
b       
 
 
6
f
D
b    (Article 6.10.2.2-2) 
 
90"
26" 15"
6 6
f
D
b       
 
 1.1f wt t   (Article 6.10.2.2-3) 
 3.25" 1.1 1.1(0.75") 0.83"f wt t      
 
 1.1f wt t   (Article 6.10.2.2-3) 
 4.0" 1.1 1.1(0.75") 0.83"f wt t      
 
 0.1 10
yc
yt
I
I
    (Article 6.10.2.2-4) 
 
3
3
(4.0")(26")
0.1 2.03 10
(3.25")(22")
yc
yt
I
I
      
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The strength limits of the positive girder section are checked with the many calculations laid out 
below.  Appendix D6 of the AASHTO LRFD Bridge Design Specifications contains a set of fundamental 
calculations for flexural members.  D6.1 in this Appendix is used to calculate the plastic neutral axis and 
plastic moment.  These calculations are as follows. 
 
 (70 )(20")(1.75") 2,450t yt t tP F bt ksi k     (Article D6.1) 
 (50 )(90")(0.625") 2,813w yw wP F Dt ksi k     (Article D6.1) 
 (50 )(16")(1.0") 800c yc c cP F b t ksi k     (Article D6.1) 
 0.85(4.5 )(144")(10" 1") 4,957sP ksi k     (Article D6.1) 
 
If
t w c sP P P P   , according to table D6.1.1, then the plastic neutral axis lies in the top flange  
 
 2,450 2,813 800 6,063 4,957t w c sP P P k k k k P k          
 
Because the plastic neutral axis is in the top flange, the depth of the web in compression at the plastic 
moment is zero, 0"c pD  . 
 To determine the section classification of the positive girder section there is an additional check 
laid out in Article 6.10.6.2 of the AASHTO Specification.  
 
 
2
3.76
cp
w yc
D E
t F
   (Article 6.10.6.2.2-1) 
 
2(0") 29,000
0 3.76 90.6
0.625" 50
ksi
ksi
     
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Now that this check has been done, according to Article 6.10.6.2.2, the positive girder section can be 
classified as Compact. 
Now that it has been shown that the positive girder section is compact, the strength limits can 
be calculated according to AASHTO’s guidelines for compact sections in positive flexure.  These checks 
are laid out below. 
To determine the nominal flexural resistance of the positive girder section, article 6.10.7.1.2 
explains which equation to use depending on the depth of the neutral axis at the plastic moment as it 
relates to the overall depth of the composite girder section.   
 
 If
p tD D  , then n pM M  (Article 6.10.7.1.2-1) 
  
  1.75" 90" 3" 9" 103.75"tD        
  1
2
wc
to
t s
p
c
t P P P
Y
P
  
  
 
  (Case II, Table D6.1-1) 
 
1.0" 2,813 2,450 4,957
1 0.69"
2 800
top
k k k
Y
k
    
     
   
  
 
 9" 3" 1.0"toppD Y     
 0.69" 9" 3" 1.0" 11.69"pD       
 
 0.1p tD D    
 11.69" 0.1 (0.1)(103.75") 10.4"p tD D      
Appendix A 
136 
 
 
Since the depth of the neutral axis at the plastic moment is greater than 0.1 times the overall depth of 
the composite girder section, AASHTO defines the nominal flexural resistance as follows. 
 
 1.07 0.7p
t
n
pD
M M
D
 
   
 
  (Article 6.10.7.1.2-1) 
 
Table D6.1-1 can be used again, this time to determine the plastic moment.  To use the equations laid 
out in the table, the distances from the neutral axis at the plastic moment to the centroid of the various 
elements (deck slab, web, and tension flange) need to be calculated. 
 
 
1
11.69" (9") 7.19"
2
sd      (deck slab) 
 
1
9" 3" (90") 11.69" 45.31"
2
wd
 
     
 
  (web) 
 
1
9" 3" 90" (1.75") 11.69" 91.19"
2
td
 
      
 
  (tension flange) 
 
Now that these values are known, the equation for the plastic moment can be pulled from table D6.1. 
 
  2 2( )
2
c
p c s s w w t t
c
P
M Y t Y Pd P d Pd
t
          (Table D6.1-1) 
 
2 2800 (0.614") (1.0" 0.614")  ...
2(1.0")
p
k
M         
  (4,957 )(7.19") (2,813 )(45.31") (2,450 )(91.19")k k k    
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32,225 -pM k ft  
 
From earlier we have the equation, and now the plastic moment can be plugged in to solve for the value 
of the nominal flexural resistance. 
 
 1.07 0.7
p
p
t
n
D
M M
D
 
  
 
  (Article 6.10.7.1.2-1) 
 
11.69"
(32,225 - ) 1.07 0.7 31,939 -
103.75"
nM k ft k ft
  
    
  
  
 
There is an additional check that must be satisfied for the nominal flexural resistance.  This is 
found in article 6.10.7.1.2-3 and requires the calculation of the yield moment, and hybrid factor.  To 
calculate the yield moment, Appendix D6.2.2 is used.  The equation below uses moment values that are 
again pulled from the SAP 2000 output, in order to find 
ADM .   
 
 1 2D D AD
y f
N C LT ST
M M M
F
S S S
     (Article D6.2.2-1) 
 
 
3 3 3
(6,667 - ) 12 (1,223 - ) 12 12
70
3,567 4,593 5,012
AD
in in in
k ft k ft M
ft ft ft
ksi
in in in
     
     
          
 18,534 -ADM k ft   
 
Once 
ADM is found, the yield moment can be calculated according to D6.2.2. 
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1 2y D D ADM M M M     (Article D6.2.2-2) 
 6,667 - 1,223 - 18,534 - 26,424 -yM k ft k ft k ft k ft      
 
Lastly before the last check of the nominal flexural resistance can be made, the hybrid factor must be 
calculated.  This involves a few intermediate calculations which can be found below. 
 
 
2 n w
f n
D t
A
    (Article 6.10.1.10.1-2) 
 
2(75.35" 1.75")(0.625")
2.63
(1.75")(20")


    
 
 1.0
yw
n
F
f
     (Article 6.10.1.10.1-2) 
 
50
0.714
70
ksi
ksi
     
 
 
312 (3 )
12 2
hR
  

 


  (Article 6.10.1.10.1-1) 
 
312 2.63 3(0.714) (0.714)
0.966
12 2(2.63)
hR
    

  
 
Now all the pieces can be put together to check the nominal flexural resistance according to the final 
equation of article 6.10.7.1.2.   
 
 1.3n h yM R M   (Article 6.10.7.1.2-3) 
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 1.3(0.966)(26,424 - ) 33,183 -nM k ft k ft   
 31,939 - 33,183 -nM k ft k ft    OK 
 
This last check on the nominal flexural resistance does not end up controlling the value of the nominal 
resistance.  So the final nominal flexural resistance is new known. 
 
 31,939 -nM k ft   
 
The ultimate moment, 
uM , of the girder was calculated from the output of the SAP 2000 model.  The 
controlling ultimate moment was that of the strength 1 load combination. 
 
 31,552 -uM k ft   
 
Now all the values have been found to check the strength limit of the positive girder section.  The 
section must satisfy the following AASHTO article. 
 
 
1
3
u l xt f nM f S M    (Article 6.10.7.1.1-1) 
 
The flange lateral bending stress as determined by Article 6.10.1.6 is zero for the top flange because the 
girder is composite with the deck slab, making it continuously braced.  Assume there is no wind which 
would make the flange lateral bending stress zero for the bottom flange as well.  Therefore, the 
following calculation can apply to both flanges. 
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 0lf    
 
 
1
3
u l xt f nM f S M    
 31,552 - 0 1.0(31,939 -ft)=31,939 -ftk ft k k    
 31,552 - 31,939 -ftk ft k  OK 
 
This last check shows that the flexural capacity of the positive girder section is sufficient. 
The last check on the positive girder section is a ductility check laid out in article 6.10.7.3.  The 
value for the depth of the neutral axis at the plastic moment was calculated earlier and is used again 
here.  Additionally the overall depth of the composite section is needed.   
 
 11.69"pD    
  103.75"tD    
 
 0.42p tD D   (Article 6.10.7.3-1) 
 11.69" 0.42 0.42(103.75") 43.58"p tD D      
 11.69" 43.58"   OK 
 
The positive girder section satisfies the ductility check.  Now the positive girder section has passed all of 
the checks laid out in the AASHTO LRFD Bridge Design Specification.   
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Next the nominal flexural resistance of the negative girder section needs to be calculated.  To be 
classified as non-slender article 6.10.6.2.3 lays out a check for the web and a check for the flanges.  
Before these two checks can be made, the depth of the web in compression in the elastic range, 
cD , 
needs to be calculated according to Article D6.3.1. 
 
 
c n fD D t    (Article D6.3.1) 
 47.18" 4.0" 43.18"cD      
 
Now that the depth of the web in compression in the elastic range is known, the checks to determine 
the section classification of the negative girder section can be done. 
 
 
2
5.7c
w yc
D E
t F
   (Article 6.10.6.2.3-1) 
 
2(43.18") 29,000
115.15 5.7 116.0
(0.75") 70
ksi
ksi
     
 
 0.3
yc
yt
I
I
   (Article 6.10.6.2.3-2) 
 
3
4
4
3
1
(4.0")(26")
5,85912
1.55 0.3
1 3,771
(4.25")(22")
12
yc
yt
I n
I in
 
 
    
 
 
 
  
 
Based on these calculations and according to article 6.10.6.2.3, the negative girder section can be 
classified as Non-Slender. 
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Article 6.10.8 is used to determine the flexural resistance of composite sections in negative 
flexure.  The flexural strength of the negative girder section requires a check of the flange in 
compression and the flange in compression.  Starting with the compression flange, the flange stress 
needs to be calculated.  The calculation requires moment values from the output from the SAP 2000 
model as well as section properties which were calculated in the girder design spreadsheet.  The 
following is the calculation of the flange stress for the compression flange. 
 
 1 2
1.25 1.25 1.5 1.75DC DC DW LL
bu
BS C R
M M M M
f
S S
    
    
   
  (Article 6.10.1.1.1c) 
 
3
1.25(19,822 - ) 12
 ...
10,223
bu
in
k ft
ft
f
in
  
  
   
 
 
 
 
 
3
1.25(3,087 - ) 12 1.5(5,643 - ) 12 1.75(11,778 - ) 12
10,582
in in in
k ft k ft k ft
ft ft ft
in
      
       
      
 
 
 
 
66.4buf ksi  
 
The tension flange stress also needs to be calculated. 
 
 1 2
1.25 1.25 1.5 1.75DC DC DW LL
bu
BS C R
M M M M
f
S S
    
    
   
  (Article 6.10.1.1.1c) 
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3
1.25(19,822 - ) 12
 ...
9,445
bu
in
k ft
ft
f
in
  
  
   
 
 
 
 
 
3
1.25(3,087 - ) 12 1.5(5,643 - ) 12 1.75(11,778 - ) 12
11,271
in in in
k ft k ft k ft
ft ft ft
in
      
       
      
 
 
 
  
66.5buf ksi  
 
 
To determine the local buckling resistance, the slenderness ratios for the compression flange, a compact 
flange, and a noncompact flange need to be calculated. 
In order to calculate the slenderness ratio for the noncompact flange, the strength of the 
compression flange at the onset of yielding is needed.  It depends on the strength of the compression 
flange and the strength of the web. 
 
0.7
0.5
yr yc yw
yr yc
F F F
F F
 

  
 
0.7(70 ) 49 50
49 0.5 0.5(70 ) 35
yr yw
yr yc
F ksi ksi F ksi
F ksi F ksi ksi
   
   
  
 49yrF ksi   
 
 
2
f c
f
f c
b
t
    (Article 6.10.8.2.2-3) 
 
26"
3.25
2(4.0")
f     
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 0.38p f
yc
E
F
    (Article 6.10.8.2.2-4) 
 
29,000
0.38 7.73
70
p f
ksi
ksi
     
 
 0.56r f
yr
E
F
    (Article 6.10.8.2.2-1) 
 
29,000
0.56 13.6
49
r f
ksi
ksi
     
 
A comparison of the slenderness ratio for the compression flange and the slenderness ratio of a 
compact and noncompact flange determines the equation that is used to calculate the local buckling 
strength of the negative girder section. 
 3.25 7.73f p f       
 
nc b h ycF R R F    (Article 6.10.8.2.2-1) 
 
The web load-shredding factor and hybrid factor are found according to article 6.10.1.10.  
 
 1.0bR    (Article 6.10.1.10.2) 
 
 
2 n w
f n
D t
A
    (Article 6.10.1.10.1-2) 
 
2(63.55")(0.75")
0.92
(4.0")(26")
     
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 1.0
yw
n
F
f
     (Article 6.10.1.10.1-2) 
 
50
0.714
70
ksi
ksi
     
 
 
312 (3 )
12 2
hR
  

 


  (Article 6.10.1.10.1-1) 
 
312 0.92 3(0.714) (0.714)
0.985
12 2(0.92)
hR
    

  
 
Now that these factors have been calculated they can be used to calculate the local buckling strength of 
the compression and tension flanges. 
 
 
nc b h ycF R R F   (Article 6.10.8.2.2-1) 
 (1.0)(0.985)(70 ) 68.95ncF ksi ksi    
 
 
nt h ytF R F   (Article 6.10.8.3-1) 
 0.985(70 ) 68.95ntF ksi ksi    
 
Now all the values needed to check the local buckling strength of the flanges have been calculated.  
 
 
1
3
bu l ncf f F    (Article 6.10.8.1.1-1) 
 66.4 0 66.4 1.0(68.95 ) 68.95ksi ksi ksi ksi      
Appendix A 
146 
 
 66.4 68.95ksi ksi  OK 
  
 
1
3
bu l ntf f F    (Article 6.10.8.1.2-1) 
 66.5 0 66.5 1.0(68.95 ) 68.95ksi ksi ksi ksi      
 68.1 68.3ksi ksi  OK 
 
The local buckling strength of both of the compression and tension flanges satisfies the requirements of 
the AASHTO LRFD Bridge Design Specification. 
The last check required for the negative girder section is a check of the compression flange’s 
strength against lateral torsional buckling. The unbraced length has to be compared to the limiting 
unbraced length in order to determine the equation for the nominal resistance against lateral torsional 
buckling. 
The cross frame spacing was chosen to be 7.5 feet which makes the unbraced length is 90 
inches. 
 
 (7.5')(12") 90"bL     
 
To calculate the limiting unbraced length the effective radius of gyration for lateral torsional buckling, rt 
has to be calculated first. 
 
 
12 1
3
f c
t
c w
f c f c
b
r
D t
b t

 
  
 
  (Article 6.10.8.2.3-9) 
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26"
7.14
(43.18")(0.75")
12 1
3(26")(4.0")
tr  
 
 
 
 
 
Now that the radius of gyration is calculated, the limiting unbraced length can be calculated according to 
article 6.10.8.3-4. 
 
 1.0p t
yc
E
L r
F
   (Article 6.10.8.2.3-4) 
 
29,000
1.0(7.14) 145.3"
70
p
ksi
L
ksi
    
 
Based on the comparison of the unbraced length to the limiting unbraced length, article 6.10.8.2.3 gives 
equations to find the strength of the compression flange in lateral torsional buckling.  
 
 90" 145.3b pL L     
 
nc b h ycF R R F    (Article 6.10.8.2.3-1) 
 (1.0)(0.985)(70 ) 68.95ncF ksi ksi    
 
The compression flange strength in lateral torsional buckling is compared against the stress in the 
compression flange according to the same equation used for the local buckling strength of the flanges.  
Below the comparison is made. 
 
1
3
bu l ncf f F    (Article 6.10.8.1.1-1) 
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1
66.4 (0) 66.4 1.0(68.95 ) 68.95
3
ncksi ksi F ksi ksi       
 66.4 68.95ksi ksi   OK 
 
The strength of the compression flange is adequate to resist lateral torsional buckling.  This was the last 
check required by the AASHTO specification of the negative girder section, which means it is adequate.  
Both the positive and negative girder sections check out against all of the AASHTO specification checks. 
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 Appendix B: Prestressed Girder Design Calculations 
150 Foot Prestressed Girder Design: Straight Strand Profile 
 
Figure B-1: Straight Strand Profile for 150 Foot Prestressed Girder Final Design 
 
To begin the design of the 150 foot prestressed girder design, the required diameter of the 
structural strand needs to be determined.  In order to determine the diameter of the strands, an 
equation presented by Saadatmanesh, et al. in “Guidelines for Flexural Design of Prestressed Composite 
Beams” has been utilized.  The work by Saadatmanesh, et al. utilized in this research is used to calculate 
the additional stresses induced in the prestressing strands as a result of the loads applied after the 
strands are stressed.  These loads include the DC1, DC2, and DW dead loads and the live loads.  After the 
additional force due to the applied loads is calculated it can be subtracted from the nominal strength of 
the structural strands to find the available prestressing force in the strand.  The equations from 
Saadatmanesh, et al. are laid out below (Saadatmanesh, 1989). 
 
 1 2,i DC DC DW LLT T T T T      
T   total force in strand 
iT   initial prestressing force 
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1DCT   increase in tendon force due to DC1 dead loads 
2,DC DWT   increase in tendon force due to DC2 and DW dead loads 
LLT   increase in tendon force due to live loads 
 
The incremental increase in the tendon force due to the applied loads can be calculated using the 
following equation from the work of Saadatmanesh, et al. (Saadatmanesh, 1989). 
 
 0
2
L
x
t t
e
M dx
L
T
EI I
e
E A A
 
 

  
e   eccentricity 
L   length of prestressing strand 
0
L
xM dx   area under the moment diagram over the length of the tendon 
E   modulus of elasticity of girder 
I   moment of inertia of girder 
tE   modulus of elasticity of tendon 
tA   area of tendon 
A   area of girder 
 
These equations were applied to the final girder sections from the 150 foot standard girder 
designs in order to find an appropriate structural strand diameter to be used for the prestressing.  First 
an initial strand diameter was chosen and through an iterative process, in which it was attempted to find 
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a strand that could support around 20% of the moment on the positive girder section, a 3” diameter 
structural strand was selected. 
First the area under the moment diagram over the length of the tendon has to be found for the 
DC1, DC2 and DW, and live loads.  Remember that the area under the moment curves is needed only 
over the length of the strands.  For the positive regions the strands are located from 10.5 feet to 109.5 
feet and from 190.5 feet to 289.5 feet.  These two regions mirror each other and therefore the 
calculations are only carried out for the 10.5 foot to 109.5 foot strands.  In the negative region the 
strands span from 124 feet to 176 feet which falls centered over the pier.  Figure B-2 and B-3 show the 
Figure B-2 shows the moment envelopes for each of the loads in consideration over the positive girder 
region and Figure B-3 shows the moment envelopes over the negative girder region. 
 
 
Figure B-2: Moment Envelopes over Positive Girder Section for 150 Foot Span 
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For the Positive girder section, between 10.5 feet and 109.5 feet the areas under the curves are 
as follows: 
 
148
2
1 1
12
202,247 -DC DCA M dx k ft   
148
2
2, 2,
12
126,829 -DC DW DC DWA M dx k ft   
148
2
12
737,195 -LL LLA M dx k ft   
 
 
Figure B-3: Moment Envelopes over Negative Girder Section for 150 Foot Span 
 
For the Negative girder section, between 124 feet and 176 feet the areas under the curves are 
as follows: 
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234
2
1 1
166
242,533 -DC DCA M dx k ft    
234
2
2, 2,
166
141,284 -DC DW DC DWA M dx k ft    
234
2
166
427,814 -LL LLA M dx k ft    
 
Now that these areas have been found, the increase in tendon force due to the various applied 
loads can be calculated.  First it was calculated for the positive girder section.  Remember that the 
selected diameter of the structural strand is 3”, which has a metallic area of 5.40 in2 and a modulus of 
elasticity of 24,000 ksi.  Also it is important to note that the section properties of the girders within the 
equation are based on which section the various loads are applied to accorder to AASHTO.  The DC1 
dead loads act on the bare steel section properties, the DC2 and DW dead loads act on the long term 
composite section properties, and the live loads act on the short term composite section properties. 
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66.38LLT k   
 
Now that the increase in the tendon forces due to the applied loads has been calculated, the 
available force for prestressing can be calculated.  The 3” structural strand has a nominal strength of 538 
tons or 1,076 kips.  Below are the calculations to find the available force for prestressing. 
 
1 2,i DC DC DW LLT T T T T     
1,076 52.27 15.08 66.38ik T k k k     
942.27iT k  
 
Next the increase in tendon force due to the various applied loads over the negative girder 
section needed to be calculated. 
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53.20LLT k   
 
Now that the increase in the tendon forces due to the applied loads has been calculated, the 
available force for prestressing can be calculated.  As before, the 3” structural strand has a nominal 
strength of 1076 kips.  Below are the calculations to find the available force for prestressing for the 
strands over the negative girder section. 
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1 2,i DC DC DW LLT T T T T     
1076 63.44 23.41 53.20ik T k k k     
935.95iT k  
 
The available prestressing can be used to calculate the design prestressing force, 
DT .  As 
mentioned in the “Design Method” section of Chapter 4, the available prestressing force needs to be 
multiplied by 0.9 to account for prestress loss, and then by 0.7 as a factor of safety.  First, below are the 
calculations for the strands over the positive girder section. 
 0.9(942.27 ) 848.04iT k k    
 0.7( ) 0.7(848.04 ) 593.63D iT T k k     
 
The design prestressing force needs to be multiplied by two, because there are two strands over each 
section being prestressed.    
 2(593.63 ) 1,187.26DT k k   
 
Next the same calculations are repeated for the strands over the negative girder section. 
 
0.9(935.95 ) 842.36iT k k   
0.7( ) 0.7(842.36 ) 589.65D iT T k k    
 
2(589.65 ) 1,179.30DT k k   
 
As explained in the “Design Method” section of Chapter 4 the standard girder design 
spreadsheet was altered to account for the moment induced in the girder as a result of the prestressing 
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strands.  It was selected that for the positive girder section a force of 1,180 kips would be put into the 
prestressing strands.  At an eccentricity of 27.49 inches this results in a moment of 2,703 k-ft.  For the 
negative girder section a force of 1,175 kips was selected to be put into the strands.  At an eccentricity 
of 34.61 inches this force results in a prestressing moment of 3,389 k-ft.  Using the altered standard 
girder design spreadsheet, which checks all the ASHTO equations checked in the standard girder 
calculations which can be found in Appendix A with alterations to account for the moments and stresses 
induced by the prestressing strands, the positive and negative girder sections were reduced iteratively 
until they couldn’t be reduced any further.   
 
The final girder section found though iterating between SAP 2000 and the girder design spreadsheet for 
the girder sections of the 150 foot girder is shown in Table B-1. 
 
Table B-1: 150 Foot Prestressed Girder Design for the Straight Strand Profile 
 
 
 
Because the altered girder design spreadsheet is altered without AASHTO or any other design 
code to substantiate the changes, the flanges of the final prestressed girder designs need to be checked 
to be sure that the stresses do not exceed 110% of the yield stress.  They are allowed to exceed the yield 
stress by 10% when the strength combination is being considered.  The spreadsheet was simply a guide 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 3/4 in 14 in
Web: 50 ksi 68 in 1/2 in -
Bottom Flange: 70 ksi - 1 in 18 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 1 in 16 in
Web: 50 ksi 68 in 5/8 in -
Bottom Flange: 70 ksi - 2 1/4 in 20 in
Negative Section
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to iterate to an optimum section, but until the stresses are checked they girder sections cannot be 
substantiated.  In this case, the strength 1 load combination controls, so the flanges are allowed to reach 
stresses of 110% of the yield strength. 
To check the stresses in the flanges of the girder sections, the stress resulting from the applied 
loads and prestressing strands need to be calculated and then combined according to the strength 1 
load combination.  The calculation for the most extreme stresses in the positive girder and the negative 
girder are shown below.  These calculation were repeated in an excel spreadsheet to be sure that the 
flange stresses check out for each point along the length of the girders. 
First, the positive girder section sees the highest bottom flange stress at a distance of 109 feet 
from the end of the beginning of the span.  At this position the positive girder section has a large 
amount of stress in the flanges due to the negative moment envelope acting on the positive girder 
section.  At this location the prestressing force does not induce stresses to oppose those of the moment 
envelope, but instead worsens the flange stresses due to the applied loads.   
To begin, the stresses due to the applied loads have to be calculated for the dead and live loads.  
A negative stress indicates a compressive stress and a positive stress indicates a tensile stress.  Each load 
is applied to a certain section: either the bare steel section, the short term composite section, or the 
long term composite section.  The first stress calculation below is for the DC1 dead loads applied to the 
bare steel section properties for the bottom flange. 
 
1
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1 4
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ftMy
ksi
I in
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Next the stress calculation for the DC2 dead loads applied to the long term section properties for 
the bottom flange. 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 98 k-ft)(52.21") 12
0.57
107,080 
DC
in
ftMy
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I in
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  
      
 
Now the stress calculation for the DW dead loads applied to the long term section properties for the 
bottom flange. 
DW longterm
DW
longterm
M y
I
   
4
( 178 k-ft)(52.21") 12
1.04
107,080 
DW
in
ftMy
ksi
I in

 
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      
 
Lastly for the bottom flange, the stress calculation for the live loads applied to the short term section 
properties is below. 
LL shortterm
LL I
shortterm
M y
I
    
4
( 2,543 k-ft)(63.91") 12
13.81
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LL I
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ftMy
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Now the stress induced in the bottom flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands. 
 
prestress
P Pey
A I
     
2 4
1,180 (1,180 )(27.84")(30.84")
40.98
62.50 45,853
prestress
P Pey k k
ksi
A I in in
          
 
Now that all of the individual stresses have been calculated they can be combined according to the 
strength 1 combination from AASHTO, as this combination has been the controlling case for this girder 
design. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 13.81 ) 1.25( 4.22 ) 1.25( 0.57 ) 1.5( 1.04 ) 40.98Strength ksi ksi ksi ksi ksi         
1 72.70Strength ksi    
 
The final stress in the bottom flange for the positive girder section at 109 feet from the beginning of the 
span is -72.70 ksi.  This is less than 10% over the strength of the flange which is 70 ksi steel.  Therefore 
the bottom flange is sufficient. 
The most extreme case for the top flange of the positive girder section occurs at the end of the 
section, just before it transitions to the negative girder section.  At 120 feet from the beginning of the 
span, the prestressing stress is zero, because the strands are anchored at 109.5 feet.  The negative 
moment envelope produces higher stresses at this point than the positive moment envelope.   The 
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calculations below show the calculation of the stresses in the top flange for the dead and live loads at 
120 feet due to the negative moment envelope. 
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As mentioned before there is no prestressing at 120 feet due to the location of the strand 
anchors.  Therefore the stresses need to be summed for the strength 1 combination without the 
addition of a prestressing stress in the top flange. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(1.65 ) 1.25(20.17 ) 1.25(0.69 ) 1.5(1.27 ) 0 30.87Strength ksi ksi ksi ksi ksi ksi      
1 30.87Strength ksi   
The total stress in the top flange is 30.87 ksi.  This is less than the strength of the top flange, which is 50 
ksi.  Therefore the top flange of the positive girder section is sufficient.  As mentioned before the 
positive section was checked at increments along the length of the girder.  Only 2 points of calculation 
are shown here.  Tables B-2 and B-3 show the total stresses in the top and bottom flanges of the positive 
girder section due to the positive and negative moment envelopes. 
 
Table B-2: Stresses in Top Flange of Positive Girder Section 
Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 0.00 - 180 19.32 23.85 
2 -2.47 - 182 19.15 23.36 
4 -4.86 - 184 16.13 20.45 
6 -7.17 - 186 13.19 17.62 
8 -9.40 - 188 10.33 14.87 
9 -11.51 - 189 7.56 12.21 
11 -4.54 - 191 13.87 18.63 
13 -6.49 - 193 11.26 16.14 
15 -8.36 - 195 8.74 13.72 
17 -10.11 - 197 6.31 11.38 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
19 -11.78 - 199 3.97 9.13 
21 -13.37 - 201 1.71 6.95 
23 -14.88 - 203 -0.48 4.86 
24 -16.27 - 204 -2.56 2.84 
26 -17.59 - 206 -4.56 0.91 
28 -18.82 - 208 -6.48 -0.95 
30 -19.97 - 210 -8.32 -2.72 
32 -21.01 - 212 -10.05 -4.41 
34 -21.96 - 214 -11.71 -6.02 
36 -22.84 - 216 -13.28 -7.55 
38 -23.63 - 218 -14.78 -9.01 
39 -24.32 - 219 -16.16 -10.38 
41 -24.92 - 221 -17.47 - 
43 -25.44 - 223 -18.69 - 
45 -25.89 - 225 -19.84 - 
47 -26.22 - 227 -20.88 - 
49 -26.47 - 229 -21.83 - 
51 -26.64 - 231 -22.71 - 
53 -26.74 - 233 -23.51 - 
54 -26.59 - 234 -24.20 - 
56 -26.41 - 236 -24.81 - 
58 -26.14 - 238 -25.35 - 
60 -25.80 - 240 -25.80 - 
62 -25.35 - 242 -26.14 - 
64 -24.81 - 244 -26.41 - 
66 -24.20 - 246 -26.59 - 
67 -23.51 - 247 -26.74 - 
69 -22.71 - 249 -26.64 - 
71 -21.83 - 251 -26.47 - 
73 -20.88 - 253 -26.22 - 
75 -19.84 - 255 -25.89 - 
77 -18.69 - 257 -25.44 - 
79 -17.47 -11.67 259 -24.92 - 
81 -16.16 -10.38 261 -24.32 - 
82 -14.78 -9.01 262 -23.63 - 
84 -13.28 -7.55 264 -22.84 - 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
86 -11.71 -6.02 266 -21.96 - 
88 -10.05 -4.41 268 -21.01 - 
90 -8.32 -2.72 270 -19.97 - 
92 -6.48 -0.95 272 -18.82 - 
94 -4.56 0.91 274 -17.59 - 
96 -2.56 2.84 276 -16.27 - 
97 -0.48 4.86 277 -14.88 - 
99 1.71 6.95 279 -13.37 - 
101 3.97 9.13 281 -11.78 - 
103 6.31 11.38 283 -10.11 - 
105 8.74 13.72 285 -8.36 - 
107 11.26 16.14 287 -6.49 - 
109 13.87 18.63 289 -4.54 - 
111 7.56 12.21 291 -11.51 - 
112 10.33 14.87 292 -9.40 - 
114 13.19 17.62 294 -7.17 - 
116 16.13 20.45 296 -4.86 - 
118 19.15 23.36 298 -2.47 - 
120 19.31 23.41 300 0.00 - 
 
Table B-3: Stresses in Bottom Flange of Positive Girder Section 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 0.00 - 180 -3.61 -53.17 
2 5.15 - 182 -1.88 -47.98 
4 10.20 - 184 2.79 -44.54 
6 15.18 - 186 7.38 -41.17 
8 20.07 - 188 11.89 -37.89 
9 24.47 - 189 16.19 -34.77 
11 -12.19 - 191 -20.56 -72.71 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
13 -7.95 - 193 -16.43 -69.76 
15 -3.80 - 195 -12.37 -66.89 
17 -0.13 - 197 -8.62 -64.10 
19 3.45 - 199 -4.95 -61.40 
21 6.96 - 201 -1.36 -58.77 
23 10.38 - 203 2.15 -56.24 
24 13.32 - 204 5.33 -53.78 
26 16.18 - 206 8.43 -51.41 
28 18.96 - 208 11.45 -49.12 
30 21.66 - 210 14.38 -46.91 
32 23.89 - 212 16.97 -44.79 
34 26.04 - 214 19.47 -42.75 
36 28.10 - 216 21.89 -40.80 
38 30.09 - 218 24.22 -38.92 
39 31.64 - 219 26.19 -37.13 
41 33.12 - 221 28.07 - 
43 34.51 - 223 29.87 - 
45 35.82 - 225 31.58 - 
47 36.73 - 227 32.91 - 
49 37.55 - 229 34.15 - 
51 38.29 - 231 35.31 - 
53 38.95 - 233 36.39 - 
54 39.04 - 234 37.16 - 
56 39.10 - 236 37.85 - 
58 39.08 - 238 38.45 - 
60 38.97 - 240 38.97 - 
62 38.45 - 242 39.08 - 
64 37.85 - 244 39.10 - 
66 37.16 - 246 39.04 - 
67 36.39 - 247 38.95 - 
69 35.31 - 249 38.29 - 
71 34.15 - 251 37.55 - 
73 32.91 - 253 36.73 - 
75 31.58 - 255 35.82 - 
77 29.87 - 257 34.51 - 
79 28.07 -35.42 259 33.12 - 
Appendix B 
166 
 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
81 26.19 -37.13 261 31.64 - 
82 24.22 -38.92 262 30.09 - 
84 21.89 -40.80 264 28.10 - 
86 19.47 -42.75 266 26.04 - 
88 16.97 -44.79 268 23.89 - 
90 14.38 -46.91 270 21.66 - 
92 11.45 -49.12 272 18.96 - 
94 8.43 -51.41 274 16.18 - 
96 5.33 -53.78 276 13.32 - 
97 2.15 -56.24 277 10.38 - 
99 -1.36 -58.77 279 6.96 - 
101 -4.95 -61.40 281 3.45 - 
103 -8.62 -64.10 283 -0.13 - 
105 -12.37 -66.89 285 -3.80 - 
107 -16.43 -69.76 287 -7.95 - 
109 -20.56 -72.71 289 -12.19 - 
111 16.19 -34.77 291 24.47 - 
112 11.89 -37.89 292 20.07 - 
114 7.38 -41.17 294 15.18 - 
116 2.79 -44.54 296 10.20 - 
118 -1.88 -47.98 298 5.15 - 
120 -3.59 -53.17 300 0.00 - 
 
 
These tables show that at no point along the length of the positive girder section did the top or 
bottom flange exceed the flange strengths by more than 10% of the strength. 
The negative girder section flanges must also be checked to be sure they are not overstressed.  
The most extreme stress felt by the top and bottom flanges of the negative girder section occurs directly 
over the pier.  First the calculations for the top flange stresses are shown below. 
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1
1
DC baresteel
DC
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M y
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2
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DC
longterm
M y
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M y
I
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 
    
     
 
The prestressing stress felt by the top flange also needs to be calculated.  The strands were tensioned to 
1,175 kips at an eccentricity of 41.94 inches. 
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prestress
P Pey
A I
     
2 4
1,175 (1,175 )(41.94")(71.25" 26.31")
38.78
103.5 80,738
prestress
P Pey k k
ksi
A I in in


         
 
These stresses need to be combined based on the strength 1 load combination from AASHTO as 
mentioned before.  Below is this calculation to produce the final stress in the top flange. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(4.26 ) 1.25(36.84 ) 1.25(1.99 ) 1.5(3.63 ) 38.78 22.66Strength ksi ksi ksi ksi ksi ksi      
1 22.66Strength ksi   
 
The final stress in the top flange in the negative girder section directly over the pier is 22.66 ksi.  This is 
less than the 50 ksi strength of the top flange; therefore the top flange is sufficient. 
Lastly the bottom flange stresses for the negative girder section over the pier had to be 
calculated.  The following are the calculations for the stresses in the bottom flanges resulting from the 
dead and live loads. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 5,515 k-ft)(26.31") 12
21.57
80,738 
DC
in
ftMy
ksi
I in

 
  
      
 
2
2
DC longterm
DC
longterm
M y
I
   
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2 4
( 1,078 k-ft)(44.19") 12
3.25
176,054 
DC
in
ftMy
ksi
I in

 
  
      
 
DW longterm
DW
longterm
M y
I
   
4
( 1,970 k-ft)(44.19") 12
5.93
176,054 
DW
in
ftMy
ksi
I in

 
  
      
 
LL shortterm
LL I
shortterm
M y
I
    
4
( 6,647 k-ft)(57.91") 12
18.49
249,763 
LL I
in
ftMy
ksi
I in
 
 
  
      
 
The stress in the bottom flange caused by the prestressing strands is calculated next. 
 
prestress
P Pey
A I
     
2 4
1,175 (1,175 )(41.94")(26.31")
4.71
103.5 80,738
prestress
P Pey k k
ksi
A I in in
         
 
To get the final stress in the bottom flange the stresses calculated for each dead and live load 
must now be combined according to the strength 1 load combination.   
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
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1 1.75( 18.49 ) 1.25( 21.57 ) 1.25( 3.25 ) 1.5( 5.93 ) 4.71Strength ksi ksi ksi ksi ksi         
1 67.57Strength ksi    
 
The total stress within the bottom flange of the negative girder section over the pier is -67.57 ksi.  This is 
less than the strength of the bottom flange which is 70 ksi.  Therefore the bottom flange is sufficient. 
As mentioned before, the girder sections were checked at increments along their lengths.  The 
stresses felt by the top and bottom flanges never exceeded the allowable.  Table B-4 shows the stress in 
the top and bottom flange for each point along the length of the negative girder section.   
 
 
Table B-4: Stresses in the Top and Bottom Flanges of the Negative Girder Section 
Final Flange Stresses in the Negative Girder Section 
Station  
(ft)  
Total Stress -  
Bottom Flange 
(kips) 
Total Stress -  
Top Flange 
(kips) 
120 -30.13 22.87 
122 -28.80 20.24 
124 -30.80 22.43 
126 -28.14 -14.10 
128 -30.23 -11.79 
129 -32.79 -9.33 
131 -35.39 -6.80 
133 -38.04 -4.21 
135 -40.73 -1.57 
137 -43.84 1.23 
139 -47.00 4.09 
141 -50.21 7.00 
142 -53.45 9.98 
144 -56.91 13.05 
146 -60.42 16.19 
148 -63.97 19.39 
150 -67.56 22.64 
150 -67.58 22.66 
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Final Flange Stresses in the Negative Girder Section 
Station  
(ft)  
Total Stress -  
Bottom Flange 
(kips) 
Total Stress -  
Top Flange 
(kips) 
150 -67.58 22.66 
150 -67.56 22.64 
152 -63.97 19.39 
154 -60.42 16.19 
156 -56.91 13.05 
158 -53.45 9.98 
159 -50.21 7.00 
161 -47.00 4.09 
163 -43.84 1.23 
165 -40.73 -1.57 
167 -38.04 -4.21 
169 -35.39 -6.80 
171 -32.79 -9.33 
172 -30.23 -11.79 
174 -28.14 -14.10 
176 -30.80 22.43 
178 -28.80 20.24 
180 -26.84 18.11 
 
The girder sections can now be said to be adequate to support the prestressing strands, making them 
the final designs for the 150 foot, straight strand profile, prestressed girders. 
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150 Foot Prestressed Girder Design: Draped Strand Profile 
 
Figure B-4: Draped Strand Profile for 150 Foot Prestressed Girder Final Design 
 
Figure B-4 shows the strand arrangement for the 150 foot prestressed girder with the draped 
strand profile for the final girder sections.  To begin the design of this prestressed girder, the required 
diameter of the structural strand needs to be determined.  Remember that the strand diameter was 
found with these calculations for the initial girder section, because the girder sections cannot be 
designed until the strand diameter is known.  The initial girder sections for the draped strand profile 
prestress girder designs are the final standard girder designs for the 150 foot span.   
The same method as was used for the straight tendon profile is used for the draped profile.  
However, because the strands are draped, the eccentricity is not constant in the calculation of the 
incremental tendon force due to the applied loads.  In order to calculate the incremental tendon force 
due to the applied loads, the integral of the equation proposed by Saadatmanesh was utilized. For the 
straight strand profile the integral, 
0
L
xM dx , was taken to be the area under the moment envelope 
curve.  For the draped strand profile it will be taken as the area under the curve over an incremental 
length of the strand, in order to account for the change in the eccentricity of the strand over the length 
of the girder.  Once each incremental increase in the tendon force is calculated, they can then be 
summed to find the total increase in the tendon force over the length of the strands.  These calculations 
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were carried out in excel.  Figure B-5 shows one increment of the area under the moment curve for the 
positive girder section. 
 
 
Figure B-5: Example of Incremental Area under Positive Moment Envelopes for Draped Strand Profile 
 
After some iteration to find a strand profile which could support at least 20% of the maximum 
positive moment, the strand diameter which ended up controlling for this span length and strand profile 
was 3 inches.  For the 3 inch diameter strands, the summation of the individual increments of the 
increase in the tendon force over the entire length of the strands in the positive moment region resulted 
in an addition force in the strands of 15.43 kips due to the live load, 13.15 kips due to the DC1 dead 
loads, and 3.73 kips due to the DC2 and DW dead loads.  The same incremental calculations were 
calculated over the negative girder section due to the negative moment envelope.  The summation of 
the increments over the negative moment envelope resulted in an additional force in the strands of 3.77 
kips due to the live load, 6.13 kips due to the DC1 dead loads, and 1.79 kips due to the DC2 and DW dead 
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loads.    The added force in the strands is significantly less for the draped strand profile than with the 
straight strand profile due to the smaller eccentricities over much of the strand lengths. 
Now that the increase in the tendon forces due to the applied loads has been calculated, the 
available force for prestressing can be calculated.  The 3” structural strand has a nominal strength of 538 
tons or 1,076 kips.  Below are the calculations to find the available force for prestressing over the 
positive moment section. 
1 2,i DC DC DW LLT T T T T     
1,076 13.15 3.73 15.43ik T k k k     
1,043.69iT k  
 
The available prestressing can be used to calculate the design prestressing force, 
DT .  As was done with 
the straight strand profile, the available prestressing force needs to be multiplied by 0.9 to account for 
prestress loss, and then by 0.7 as a factor of safety.  First, below are the calculations for the strands over 
the positive girder section. 
 0.9(1,043.69 ) 939.32iT k k    
 0.7( ) 0.7(939.32 ) 657.50D iT T k k     
 
The design prestressing force needs to be multiplied by two, because there are two strands over each 
section being prestressed.    
 2(657.50 ) 1,315.00DT k k   
 
Next the same calculations are repeated for the strands over the negative girder section. 
 
1 2,i DC DC DW LLT T T T T     
1,076 6.13 1.79 3.77ik T k k k     
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1,064.31iT k  
 
The available prestressing can next be used to calculate the design prestressing force, 
DT .   
 0.9(1,064.31 ) 957.72iT k k    
 0.7( ) 0.7(957.72 ) 670.40D iT T k k     
 
The design prestressing force needs to be multiplied by two, because there are two strands over each 
section being prestressed.    
 2(670.40 ) 1,340.80DT k k   
 
Unlike with the straight strand profile, the same prestressing force will be put on the prestressing 
strands over the entire length of the bridge.  With the straight strand profile, a different force could be 
put in the strands over the positive girder section and the negative girder section.  The draped profile 
strand profile is a continuous strand over the entire bridge length, requiring a uniform force over the 
length of the strand.  Keeping this in mind a force of 1,300 kips was chosen as the prestressing force for 
this girder. 
The same altered girder design spreadsheet was used for the draped strand profile.  Using the 
altered standard girder design spreadsheet, which checks all the ASHTO equations checked in the 
standard girder with alterations to account for the moments and stresses induced by the prestressing 
strands, the positive and negative girder sections were reduced iteratively until they couldn’t be 
reduced any further.   
The final girder section found though iterating between SAP 2000 and the girder design 
spreadsheet for the girder sections of the 150 foot girder is shown in Table B-5. 
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Table B-5: 150 Foot Prestressed Girder Design for the Draped Strand Profile 
 
 
 
Once the final girder section was found iteratively, the stresses in the flanges had to be checked 
in the same manner as the prestressed girders with the straight strand profile.  The flange stresses were 
checked at increments along the length of the girder spans.  Each spot had to be checked individually 
due to the change in moment felt by the section and the variable eccentricity of the strands.  The 
calculations follow the same procedure as the stress calculations shown previously for the straight 
strand profile. 
An example calculation is shown below for the positive moments on the positive girder section 
at a point 45 feet from the beginning of the span.  First the calculations for the bottom flange are 
shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
(2,272 k-ft)(30.35") 12
19.13
43,266 
DC
in
ftMy
ksi
I in

 
 
     
 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 3/4 in 12 in
Web: 50 ksi 68 in 1/2 in -
Bottom Flange: 70 ksi - 1.25 in 14 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 1 in 14 in
Web: 50 ksi 68 in 5/8 in -
Bottom Flange: 70 ksi - 2 1/2 in 20 in
Negative Section
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2
2
DC longterm
DC
longterm
M y
I
   
2 4
(441 k-ft)(52.42") 12
2.63
105,463 
DC
in
ftMy
ksi
I in

 
 
     
 
DW longterm
DW
longterm
M y
I
   
4
(808 k-ft)(52.42") 12
4.82
105,463 
DW
in
ftMy
ksi
I in

 
 
     
 
LL shortterm
LL I
shortterm
M y
I
    
4
(4,708 k-ft)(64.24") 12
26.04
139,367 
LL I
in
ftMy
ksi
I in
 
 
 
     
 
Now the stress induced in the bottom flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands. 
 
prestress
P Pey
A I
     
2
1,300 (1,300 )(20.33")(30.35")
40.03
60.5 43,266
prestress
P Pey k k
ksi
A I in
          
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Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as this combination has been the controlling case for this 
girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(26.04 ) 1.25(19.13 ) 1.25(2.63 ) 1.5(4.82 ) 40.03 39.97Strength ksi ksi ksi ksi ksi ksi      
1 39.97Strength ksi   
 
This stress of 39.97 ksi in the bottom flange does not exceed the allowable stress of 70 ksi of the flange.   
Next the calculation for the top flange stress of the positive girder section due to the positive 
moment at the same point is shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
(2,272 k-ft)(70.00" 30.35") 12
24.99
43,266 
DC
in
ftMy
ksi
I in

 
   
      
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
(442 k-ft)(70.00" 52.42") 12
0.88
105,463 
DC
in
ftMy
ksi
I in

 
   
      
 
DW longterm
DW
longterm
M y
I
   
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4
(808 k-ft)(70.00" 52.42") 12
1.62
105,463 
DW
in
ftMy
ksi
I in

 
   
      
 
LL shortterm
LL I
shortterm
M y
I
    
4
(4,708 k-ft)(70.00" 64.24") 12
2.33
139,367 
LL I
in
ftMy
ksi
I in
 
 
   
      
 
Now the stress induced in the top flange as a result of the prestressing strands needs to be calculated.   
 
prestress
P Pey
A I
     
2
1,300 (1,300 )(20.33")(70.00" 30.35")
2.73
60.5 43,266
prestress
P Pey k k
ksi
A I in


        
 
Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as this combination has been the controlling case for this 
girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 2.33 ) 1.25( 24.99 ) 1.25( 0.88 ) 1.5( 1.62 ) 2.73 36.12Strength ksi ksi ksi ksi ksi ksi           
1 36.12Strength ksi    
 
The final stress at 45 feet in the top flange is -36.12 ksi.  This is less than the 50 ksi strength of the top 
flange, therefore the flange is okay at this point.   
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Each point along the positive girder section was checked in the same manner the top and 
bottom flanges were checked here.  Table B-6 shows the stress in the top flange due to the positive and 
negative moment envelope and Table B-6 shows the stress in the bottom flange.  These tables show that 
at no point along the positive girder section does the stress exceed 10% over the strength of the flanges.  
 
Table B-6: Stresses in Top Flange of Positive Girder Section 
Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 -21.49 - 180 -2.41 1.93 
2 -23.21 - 182 -1.56 -0.43 
4 -24.84 - 184 -3.82 -2.50 
6 -26.38 - 186 -5.99 -4.48 
8 -27.84 - 188 -8.07 -6.36 
9 -29.16 - 189 -10.06 -8.15 
11 -30.40 - 191 -11.96 -9.85 
13 -31.55 - 193 -13.76 -11.46 
15 -32.61 - 195 -15.48 -12.99 
17 -33.55 - 197 -17.09 -14.42 
19 -34.40 - 199 -18.61 -15.77 
21 -35.15 - 201 -20.05 -17.02 
23 -35.82 - 203 -21.39 -18.19 
24 -36.37 - 204 -22.63 -19.27 
26 -36.83 - 206 -23.77 -20.26 
28 -37.20 - 208 -24.83 -21.17 
30 -37.48 - 210 -25.80 -21.98 
32 -37.63 - 212 -26.65 -22.71 
34 -37.70 - 214 -27.42 -23.34 
36 -37.68 - 216 -28.10 -23.89 
38 -37.57 - 218 -28.69 -24.35 
39 -37.34 - 219 -29.17 - 
41 -37.03 - 221 -29.56 - 
43 -36.62 - 223 -29.85 - 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
45 -36.13 - 225 -30.07 - 
47 -35.51 - 227 -30.16 - 
49 -34.81 - 229 -30.16 - 
51 -34.02 - 231 -30.08 - 
53 -33.14 - 233 -29.91 - 
54 -32.04 - 234 -29.63 - 
56 -30.87 - 236 -29.26 - 
58 -29.60 - 238 -28.80 - 
60 -28.25 - 240 -28.25 - 
62 -28.80 - 242 -29.60 - 
64 -29.26 - 244 -30.87 - 
66 -29.63 - 246 -32.04 - 
67 -29.91 - 247 -33.14 - 
69 -30.08 - 249 -34.02 - 
71 -30.16 - 251 -34.81 - 
73 -30.16 - 253 -35.51 - 
75 -30.07 - 255 -36.13 - 
77 -29.85 - 257 -36.62 - 
79 -29.56 - 259 -37.03 - 
81 -29.17 -23.39 261 -37.34 - 
82 -28.69 -22.93 262 -37.57 - 
84 -28.10 -22.38 264 -37.68 - 
86 -27.42 -21.74 266 -37.70 - 
88 -26.65 -21.01 268 -37.63 - 
90 -25.80 -20.20 270 -37.48 - 
92 -24.83 -19.30 272 -37.20 - 
94 -23.77 -18.30 274 -36.83 - 
96 -22.63 -17.22 276 -36.37 - 
97 -21.39 -16.06 277 -35.82 - 
99 -20.05 -14.80 279 -35.15 - 
101 -18.61 -13.45 281 -34.40 - 
103 -17.09 -12.02 283 -33.55 - 
105 -15.48 -10.50 285 -32.61 - 
107 -13.76 -8.88 287 -31.55 - 
109 -11.96 -7.18 289 -30.40 - 
111 -10.06 -5.40 291 -29.16 - 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
112 -8.07 -3.52 292 -27.84 - 
114 -5.99 -1.54 294 -26.38 - 
116 -3.82 0.53 296 -24.84 - 
118 -1.56 2.68 298 -23.21 - 
120 -2.41 1.72 300 -21.49 - 
 
Table B-7: Stresses in Bottom Flange of Positive Girder Section 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 -21.48 - 180 -24.12 -76.83 
2 -16.91 - 182 -23.18 -71.05 
4 -12.42 - 184 -19.15 -67.65 
6 -8.02 - 186 -15.21 -64.36 
8 -3.70 - 188 -11.36 -61.18 
9 0.10 - 189 -7.68 -58.20 
11 3.82 - 191 -4.10 -55.33 
13 7.46 - 193 -0.60 -52.57 
15 11.00 - 195 2.81 -49.91 
17 14.05 - 197 5.92 -47.36 
19 17.01 - 199 8.94 -44.92 
21 19.89 - 201 11.87 -42.58 
23 22.67 - 203 14.71 -40.35 
24 24.97 - 204 17.23 -38.23 
26 27.18 - 206 19.66 -36.21 
28 29.31 - 208 22.00 -34.30 
30 31.34 - 210 24.25 -32.49 
32 32.90 - 212 26.15 -30.79 
34 34.37 - 214 27.96 -29.20 
36 35.76 - 216 29.68 -27.71 
38 37.05 - 218 31.32 -26.33 
Appendix B 
183 
 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
39 37.91 - 219 32.58 - 
41 38.69 - 221 33.74 - 
43 39.37 - 223 34.82 - 
45 39.97 - 225 35.82 - 
47 40.16 - 227 36.41 - 
49 40.25 - 229 36.92 - 
51 40.26 - 231 37.33 - 
53 40.18 - 233 37.66 - 
54 39.56 - 234 37.68 - 
56 38.86 - 236 37.61 - 
58 38.07 - 238 37.45 - 
60 37.20 - 240 37.20 - 
62 37.45 - 242 38.07 - 
64 37.61 - 244 38.86 - 
66 37.68 - 246 39.56 - 
67 37.66 - 247 40.18 - 
69 37.33 - 249 40.26 - 
71 36.92 - 251 40.25 - 
73 36.41 - 253 40.16 - 
75 35.82 - 255 39.97 - 
77 34.82 - 257 39.37 - 
79 33.74 - 259 38.69 - 
81 32.58 -31.89 261 37.91 - 
82 31.32 -32.97 262 37.05 - 
84 29.68 -34.13 264 35.76 - 
86 27.96 -35.39 266 34.37 - 
88 26.15 -36.73 268 32.90 - 
90 24.25 -38.16 270 31.34 - 
92 22.00 -39.68 272 29.31 - 
94 19.66 -41.28 274 27.18 - 
96 17.23 -42.97 276 24.97 - 
97 14.71 -44.75 277 22.67 - 
99 11.87 -46.62 279 19.89 - 
101 8.94 -48.58 281 17.01 - 
103 5.92 -50.62 283 14.05 - 
105 2.81 -52.75 285 11.00 - 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
107 -0.60 -54.97 287 7.46 - 
109 -4.10 -57.27 289 3.82 - 
111 -7.68 -59.67 291 0.10 - 
112 -11.36 -62.15 292 -3.70 - 
114 -15.21 -64.82 294 -8.02 - 
116 -19.15 -67.58 296 -12.42 - 
118 -23.18 -70.43 298 -16.91 - 
120 -24.12 -70.19 300 -21.48 - 
 
An additional example calculation is shown below for the negative moments on the negative 
girder section at a point directly over the pier.  There is no need to calculate the stresses from the 
positive moments on the negative girder section, because they do not act on over this part of the span.  
First the calculations for the bottom flange are shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 5,472 k-ft)(24.49") 12
20.17
79,823 
DC
in
ftMy
ksi
I in

 
  
      
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 10,48 k-ft)(42.71") 12
2.92
183,845 
DC
in
ftMy
ksi
I in

 
  
      
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DW longterm
DW
longterm
M y
I
   
4
( 1,915 k-ft)(42.71") 12
5.34
183,845 
DW
in
ftMy
ksi
I in

 
  
      
 
LL shortterm
LL I
shortterm
M y
I
    
4
( 6,310 k-ft)(56.98") 12
16.23
265,789 
LL I
in
ftMy
ksi
I in
 
 
  
      
 
Next the stress induced in the bottom flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands. 
 
prestress
P Pey
A I
     
2
1,300 (1,300 )(20.66")(24.49")
3.97
106.5 79,823
prestress
P Pey k k
ksi
A I in
          
 
Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as once again this combination is been the controlling case 
for this girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
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1 1.75( 16.23 ) 1.25( 20.17 ) 1.25( 2.92 ) 1.5( 5.34 ) 3.97 69.25Strength ksi ksi ksi ksi ksi ksi           
1 69.25Strength ksi    
 
This stress of -69.25 ksi in the bottom flange does not exceed the allowable stress of 70 ksi of the flange, 
therefore the flange is sufficient.   
Next the calculation for the top flange stress of the negative girder section due to the negative 
moment at the same point is shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 5,472 k-ft)(71.5" 24.49") 12
38.67
79,823 
DC
in
ftMy
ksi
I in

 
    
     
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 1,048 k-ft)(71.5" 42.71") 12
1.97
183,845 
DC
in
ftMy
ksi
I in

 
    
     
 
DW longterm
DW
longterm
M y
I
   
4
( 1,915 k-ft)(71.5" 42.71") 12
3.60
183,845 
DW
in
ftMy
ksi
I in

 
    
     
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LL shortterm
LL I
shortterm
M y
I
    
4
( 6,310 k-ft)(71.5" 56.98") 12
4.14
265,789 
LL I
in
ftMy
ksi
I in
 
 
    
     
 
Now the stress induced in the top flange as a result of the prestressing strands needs to be calculated.   
 
prestress
P Pey
A I
     
2
1,300 (1,300 )(20.66")(71.5" 24.49")
28.02
106.5 79,823
prestress
P Pey k k
ksi
A I in


         
 
Now that all of the individual stresses have been calculated they can be combined according to the 
strength 1 combination from AASHTO. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(4.14 ) 1.25(38.67 ) 1.25(1.97 ) 1.5(3.60 ) 28.02 35.43Strength ksi ksi ksi ksi ksi ksi      
1 35.43Strength ksi   
The final stress over the pier in the top flange is 35.43 ksi.  This is less than the 50 ksi strength of the top 
flange; therefore the flange is okay at this point.   
Each point along the negative girder section was checked in the same manner the top and 
bottom flanges were checked here.  Table B-8 shows the stress in the top flange and bottom flange due 
to the negative moment envelopes on the negative girder section.  It shows that at no point along the 
positive girder section does the stress exceed 10% over the strength of the flanges.  
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Table B-8: Stresses in Top and Bottom Flanges of Negative Girder Section 
Final Flange Stresses in the Negative Girder Section 
Station  
(ft)  
Total Stress -  
Bottom Flange (kips) 
Total Stress -  
Top Flange (kips) 
120 -32.89 0.42 
122 -33.79 1.39 
124 -35.30 3.06 
126 -36.85 4.80 
128 -38.44 6.60 
129 -40.08 8.47 
131 -42.08 10.48 
133 -44.12 12.56 
135 -46.21 14.70 
137 -48.33 16.91 
139 -50.93 19.29 
141 -53.57 21.74 
142 -56.26 24.25 
144 -58.98 26.83 
146 -61.91 29.51 
148 -64.88 32.26 
150 -67.90 35.08 
150 -69.21 35.42 
150 -69.22 35.42 
150 -69.21 35.41 
152 -67.50 32.93 
154 -64.53 30.18 
156 -61.60 27.50 
158 -58.71 24.88 
159 -55.86 22.32 
161 -53.22 19.88 
163 -50.62 17.49 
165 -48.06 15.18 
167 -45.55 12.92 
169 -43.51 10.84 
171 -41.50 8.83 
172 -39.54 6.88 
174 -37.63 5.00 
176 -36.08 3.26 
178 -34.56 1.59 
180 -33.10 -0.02 
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The girder sections can now be said to be adequate to support the prestressing strands, making them 
the final designs for the 150 foot, draped strand profile, prestressed girders. 
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200 Foot Prestressed Girder Design: Straight Strand Profile 
 
Figure B-6: Straight Strand Profile for 200 Foot Prestressed Girder Final Design 
 
To begin the design of the 200 foot prestressed girder design, the required diameter of the 
structural strand needs to be determined.  In order to determine the diameter of the strands, an 
equation presented by Saadatmanesh, et al. in “Guidelines for Flexural Design of Prestressed Composite 
Beams” has been utilized.  The work by Saadatmanesh, et al. utilized in this research is used to calculate 
the additional stresses induced in the prestressing strands as a result of the loads applied after the 
strands are stressed.  These loads include the DC1, DC2, and DW dead loads and the live loads.  After the 
additional force due to the applied loads is calculated it can be subtracted from the nominal strength of 
the structural strands to find the available prestressing force in the strand.  The equations from 
Saadatmanesh, et al. are laid out below (Saadatmanesh, 1989). 
 
 1 2,i DC DC DW LLT T T T T      
T   total force in strand 
iT   initial prestressing force 
1DCT   increase in tendon force due to DC1 dead loads 
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2,DC DWT   increase in tendon force due to DC2 and DW dead loads 
LLT   increase in tendon force due to live loads 
 
The incremental increase in the tendon force due to the applied loads can be calculated using the 
following equation from the work of Saadatmanesh, et al. (Saadatmanesh, 1989). 
 
 0
2
L
x
t t
e
M dx
L
T
EI I
e
E A A
 
 

  
e   eccentricity 
L   length of prestressing strand 
0
L
xM dx   area under the moment diagram over the length of the tendon 
E   modulus of elasticity of girder 
I   moment of inertia of girder 
tE   modulus of elasticity of tendon 
tA   area of tendon 
A   area of girder 
 
These equations were applied to the final girder sections from the 200 foot standard girder 
designs in order to find an appropriate structural strand diameter to be used for the prestressing.  First 
an initial strand diameter was chosen and through an iterative process, in which it was attempted to find 
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a strand that could support around 20% of the moment on the positive girder section, a 4” diameter 
structural strand was selected. 
First the area under the moment diagram over the length of the tendon has to be found for the 
DC1, DC2 and DW, and live loads.  Remember that the area under the moment curves is needed only 
over the length of the strands.  For the positive regions the strands are located from 12 feet to 144 feet 
and from 256 feet to 388 feet.  These two regions mirror each other and therefore the calculations are 
only carried out for the 12 foot to 144 foot strands.  In the negative region the strands span from 166 
feet to 234 feet which falls centered over the pier.  Figure B-7 shows the moment envelopes for each of 
the loads in consideration over the positive girder region.  Figure B-8 shows the moment envelopes over 
the negative girder region.   
 
 
Figure B-7: Moment Envelopes over Positive Girder Section for 200 Foot Span 
 
For the Positive girder section, between 12 feet and 144 feet the areas under the curves are as follows: 
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148
2
1 1
12
429,688 -DC DCA M dx k ft   
148
2
2, 2,
12
282,828 -DC DW DC DWA M dx k ft   
148
2
12
1,440,821 -LL LLA M dx k ft   
 
 
Figure B-8: Moment Envelopes over Negative Girder Section for 200 Foot Span 
 
For the Negative girder section, between 166 feet and 234 feet the areas under the curves are as 
follows: 
234
2
1 1
166
619,443 -DC DCA M dx k ft    
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234
2
2, 2,
166
321,885 -DC DW DC DWA M dx k ft    
234
2
166
480,306 -LL LLA M dx k ft    
 
Now that these areas have been found, the increase in tendon force due to the various applied 
loads can be calculated.  First it was calculated for the positive girder section.  Remember that the 
selected diameter of the structural strand is 4”, which has a metallic area of 9.6 in2 and a modulus of 
elasticity of 24000 ksi.  Also it is important to note that the section properties of the girders within the 
equation are based on which section the various loads are applied to accorder to AASHTO.  The DC1 
dead loads act on the bare steel section properties, the DC2 and DW dead loads act on the long term 
composite section properties, and the live loads act on the short term composite section properties. 
 
2
2
1 2
0
1 4 4 2
2 2
2 2
(30.66")
(429,688 ) 12
(132 ') 12
1,197,658 
(29,000 )(76,494 ) (76,494 ) 11,395
(30.66")
(24,000 )(9.6 ) (92.5 )
L
DC
DC
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

 
1 105.10DCT k   
 
2
2
2,
0
2, 4 4
2 2
2 2
(30.66")
(282,828 ) 12
(132 ') 12
(29,000 )(162,362 ) (162,362 )
(30.66")
(24,000 )(9.6 ) (148 )
L
DC DW
DC DW
t t
in
k ft
fte in
M dx
L ft
T
EI I ksi in in
e
E A A ksi in in
 
  
   
 
   
   

 
 
2
2, 2
788,319 
22,473
DC DW
k in
T
in

    
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2, 35.08DC DWT k   
 
2
2
2
0
4 4 2
2 2
2 2
(30.66")
(1,440,821 ) 12
(132 ') 12
4,015,961 
(29,000 )(224,399 ) (224,399 ) 30,054
(30.66")
(24,000 )(9.6 ) (258 )
L
LL
LL
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

 
133.62LLT k   
 
Now that the increase in the tendon forces due to the applied loads has been calculated, the 
available force for prestressing can be calculated.  The 4” structural strand has a nominal strength of 925 
tons or 1850 kips.  Below are the calculations to find the available force for prestressing. 
 
1 2,i DC DC DW LLT T T T T     
1,850 105.10 35.08 133.62ik T k k k     
1,576.20iT k  
 
Next the increase in tendon force due to the various applied loads over the negative girder 
section needed to be calculated. 
 
2
2
1 2
0
1 4 4 2
2 2
2 2
(37.82")
(619,443 ) 12
(68') 12
4,134,235 
(29,000 )(243,716 ) (243,716 ) 33,323
(37.82")
(24,000 )(9.6 ) (200.25 )
L
DC
DC
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

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1 124.07DCT k   
 
2
2
2,
0
2, 4 4
2 2
2 2
(37.82")
(321,885 ) 12
(68') 12
(29,000 )(339,817 ) (339,817 )
(37.82")
(24,000 )(9.6 ) (255 )
L
DC DW
DC DW
t t
in
k ft
fte in
M dx
L ft
T
EI I ksi in in
e
E A A ksi in in
 
  
   
 
   
   

 
 
2
2, 2
2,148,298 
45,535
DC DW
k in
T
in

    
2, 47.18DC DWT k   
 
2
2
2
0
4 4 2
2 2
2 2
(37.82")
(480,306 ) 12
(68') 12
3,205,619 
(29,000 )(446,177 ) (446,177 ) 58,819
(37.82")
(24,000 )(9.6 ) (363 )
L
LL
LL
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

 
54.50LLT k   
 
Now that the increase in the tendon forces due to the applied loads has been calculated, the 
available force for prestressing can be calculated.  As before, the 4” structural strand has a nominal 
strength of 1850 kips.  Below are the calculations to find the available force for prestressing for the 
strands over the negative girder section. 
1 2,i DC DC DW LLT T T T T     
1,850 124.07 47.18 54.50ik T k k k     
1,624.25iT k  
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The available prestressing can be used to calculate the design prestressing force, 
DT .  As 
mentioned in the “Design Method” section of Chapter 4, the available prestressing force needs to be 
multiplied by 0.9 to account for prestress loss, and then by 0.7 as a factor of safety.  First, below are the 
calculations for the strands over the positive girder section. 
 0.9(1,576.20 ) 1,418.58iT k k    
 0.7( ) 0.7(1,418.58 ) 993.01D iT T k k     
 
The design prestressing force needs to be multiplied by two, because there are two strands over each 
section being prestressed.    
 2(993.01 ) 1,986.02DT k k   
 
Next the same calculations are repeated for the strands over the negative girder section. 
 
0.9(1,624.25 ) 1,461.82iT k k   
0.7( ) 0.7(1,461.82 ) 1,023.27D iT T k k    
 
2(1,023.27 ) 2,046.54DT k k   
 
As explained in the “Design Method” section of Chapter 4 the standard girder design 
spreadsheet was altered to account for the moment induced in the girder as a result of the prestressing 
strands.  It was selected that for the positive girder section a force of 1,980 kips would be put into the 
prestressing strands.  At an eccentricity of 30.66 inches this results in a moment of 5,059 k-ft.  For the 
negative girder section a force of 2,000 kips was selected to be put into the strands.  At an eccentricity 
of 37.82 inches this force results in a prestressing moment of 6303 k-ft.  Using the altered standard 
girder design spreadsheet, which checks all the ASHTO equations checked in the standard girder 
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calculations with alterations to account for the moments and stresses induced by the prestressing 
strands, the positive and negative girder sections were reduced iteratively until they couldn’t be 
reduced any further.   
 
The final girder sections found though iterating between SAP 2000 and the girder design spreadsheet for 
the girder sections of the 200 foot girder are shown in Table B-9. 
 
Table B-9: 200 Foot Prestressed Girder Design for the Straight Strand Profile 
 
 
 
Because the altered girder design spreadsheet is altered without AASHTO or any other design 
code to substantiate the changes, the flanges of the final prestressed girder designs need to be checked 
to be sure that the stresses do not exceed 110% of the yield stress.  They are allowed to exceed the yield 
stress by 10% when the strength combination is being considered.  In this case, the strength 1 load 
combination controls, so the flanges are allowed to reach stresses of 110% of the yield strength. 
To check the stresses in the flanges of the girder sections, the stress resulting from the applied 
loads and prestressing strands need to be calculated and then combined according to the strength 1 
load combination.  The calculation for the most extreme stresses in the positive girder and the negative 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 0.875 in 12 in
Web: 50 ksi 66 in 0.625 in -
Bottom Flange: 70 ksi - 1 in 20 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 1.75 in 19 in
Web: 50 ksi 66 in 0.75 in -
Bottom Flange: 70 ksi - 2.875 in 26 in
Negative Section
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girder are shown below.  These calculation were repeated in an excel spreadsheet to be sure that the 
flange stresses check out for each point along the length of the girders. 
First, the positive girder section sees the highest bottom flange stress at a distance of 144 feet 
from the end of the beginning of the span.  At this position the positive girder section has a large 
amount of stress in the flanges due to the negative moment envelope acting on the positive girder 
section.  At this location the prestressing force does not induce stresses to oppose those of the moment 
envelope, but instead worsens the flange stresses due to the applied loads.   
To begin, the stresses due to the applied loads have to be calculated for the dead and live loads.  
A negative stress indicates a compressive stress and a positive stress indicates a tensile stress.  Each load 
is applied to a certain section: either the bare steel section, the short term composite section, or the 
long term composite section.  The first stress calculation below is for the DC1 dead loads applied to the 
bare steel section properties for the bottom flange. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 961 k-ft)(29.56") 12
7.14
47,743 
DC
in
ftMy
ksi
I in

 
  
      
 
Next the stress calculation for the DC2 dead loads applied to the long term section properties for the 
bottom flange. 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 110 k-ft)(49.02") 12
0.58
110,722 
DC
in
ftMy
ksi
I in

 
  
      
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Now the stress calculation for the DW dead loads applied to the long term section properties for the 
bottom flange. 
DW longterm
DW
longterm
M y
I
   
4
( 201 k-ft)(49.02") 12
1.07
110,722 
DW
in
ftMy
ksi
I in

 
  
      
 
Lastly for the bottom flange, the stress calculation for the live loads applied to the short term section 
properties is below. 
LL shortterm
LL I
shortterm
M y
I
    
4
( 4,060 k-ft)(60.81") 12
2.30
149,499 
LL I
in
ftMy
ksi
I in
 
 
  
      
 
Now the stress induced in the bottom flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands. 
 
prestress
P Pey
A I
     
2
1,980 (1,980 )(26.56")(29.56")
60.16
71.75 47,743
prestress
P Pey k k
ksi
A I in
          
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Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as this combination has been the controlling case for this 
girder design. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 2.30 ) 1.25( 7.14 ) 1.25( 0.58 ) 1.5( 1.07 ) 60.16 75.45Strength ksi ksi ksi ksi ksi ksi           
1 75.45Strength ksi    
 
The final stress in the bottom flange for the positive girder section at 144 feet from the beginning of the 
span is -75.45 ksi.  This is less than 10% over the strength of the flange which is 70 ksi steel.  Therefore 
the bottom flange is sufficient. 
The most extreme case for the top  flange of the positive girder section occurs at the end of the 
section, just before it transitions to the negative girder section.  At 160 feet from the beginning of the 
span, the prestressing stress is zero, because the strands are anchored at 144 feet.  The negative 
moment envelope produces higher stresses at this point than the positive moment envelope.   The 
calculations below show the calculation of the stresses in the top flange for the dead and live loads at 
160 feet due to the negative moment envelope. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 3,196 k-ft)(67.875" 29.56") 12
30.78
47,743 
DC
in
ftMy
ksi
I in

 
    
     
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2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 532 k-ft)(67.875" 49.02") 12
1.09
110,722 
DC
in
ftMy
ksi
I in

 
    
     
 
DW longterm
DW
longterm
M y
I
   
4
( 973 k-ft)(67.875" 49.02") 12
1.99
110,722 
DW
in
ftMy
ksi
I in

 
    
     
 
LL shortterm
LL I
shortterm
M y
I
    
4
( 4,614 k-ft)(67.875" 60.81") 12
2.62
149,499 
LL I
in
ftMy
ksi
I in
 
 
    
     
 
As mentioned before there is no prestressing at 160 feet due to the location of the strand 
anchors.  Therefore the stresses need to be summed for the strength 1 combination without the 
addition of a prestressing stress in the top flange. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(2.62 ) 1.25(30.78 ) 1.25(1.09 ) 1.5(1.99 ) 0 47.40Strength ksi ksi ksi ksi ksi ksi      
1 47.40Strength ksi   
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The total stress in the top flange is 47.40 ksi.  This is less than the strength of the top flange, which is 50 
ksi.  Therefore the top flange of the positive girder section is sufficient.  As mentioned before the 
positive section was checked at increments along the length of the girder.  Only 2 points of calculation 
are shown here.  Tables B-10 and B-11 show the values of the total stress in the top and bottom flanges 
resulting from the positive and negative moment envelopes at each point along the positive girder 
section. 
 
Table B-10: Stresses in Top Flange of Positive Girder Section 
Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 0.00 - 240 40.14 47.40 
2 -3.40 - 242 35.83 43.21 
4 -6.70 - 244 31.60 39.11 
6 -9.92 - 246 27.46 35.10 
8 -13.04 - 248 23.42 31.19 
10 -16.07 - 250 19.46 27.36 
12 -4.36 - 252 15.60 23.65 
14 -7.16 - 254 11.83 20.03 
16 -9.87 - 256 22.76 31.11 
18 -12.49 - 258 19.18 27.67 
20 -15.01 - 260 15.68 24.32 
22 -17.40 - 262 12.30 21.06 
24 -19.70 - 264 9.01 17.89 
26 -21.91 - 266 5.81 14.81 
28 -24.03 - 268 2.70 11.82 
30 -26.06 - 270 -0.31 8.92 
32 -27.94 - 272 -3.21 6.12 
34 -29.74 - 274 -6.02 3.40 
36 -31.45 - 276 -8.74 0.77 
38 -33.07 - 278 -11.36 -1.76 
40 -34.59 - 280 -13.90 -4.21 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
42 -35.98 - 282 -16.31 -6.56 
44 -37.28 - 284 -18.64 -8.83 
46 -38.49 - 286 -20.87 -11.00 
48 -39.61 - 288 -23.01 -13.08 
50 -40.63 - 290 -25.06 -15.08 
52 -41.53 - 292 -26.99 -16.98 
54 -42.33 - 294 -28.82 - 
56 -43.04 - 296 -30.57 - 
58 -43.67 - 298 -32.22 - 
60 -44.20 - 300 -33.78 - 
62 -44.60 - 302 -35.22 - 
64 -44.91 - 304 -36.56 - 
66 -45.13 - 306 -37.82 - 
68 -45.25 - 308 -38.98 - 
70 -45.29 - 310 -40.06 - 
72 -45.20 - 312 -41.01 - 
74 -45.01 - 314 -41.87 - 
76 -44.73 - 316 -42.64 - 
78 -44.36 - 318 -43.32 - 
80 -43.91 - 320 -43.91 - 
82 -43.32 - 322 -44.36 - 
84 -42.64 - 324 -44.73 - 
86 -41.87 - 326 -45.01 - 
88 -41.01 - 328 -45.20 - 
90 -40.06 - 330 -45.29 - 
92 -38.98 - 332 -45.25 - 
94 -37.82 - 334 -45.13 - 
96 -36.56 - 336 -44.91 - 
98 -35.22 - 338 -44.60 - 
100 -33.78 - 340 -44.20 - 
102 -32.22 - 342 -43.67 - 
104 -30.57 - 344 -43.04 - 
106 -28.82 - 346 -42.33 - 
108 -26.99 -16.98 348 -41.53 - 
110 -25.06 -15.08 350 -40.63 - 
112 -23.01 -13.08 352 -39.61 - 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
114 -20.87 -11.00 354 -38.49 - 
116 -18.64 -8.83 356 -37.28 - 
118 -16.31 -6.56 358 -35.98 - 
120 -13.90 -4.21 360 -34.59 - 
122 -11.36 -1.76 362 -33.07 - 
124 -8.74 0.77 364 -31.45 - 
126 -6.02 3.40 366 -29.74 - 
128 -3.21 6.12 368 -27.94 - 
130 -0.31 8.92 370 -26.06 - 
132 2.70 11.82 372 -24.03 - 
134 5.81 14.81 374 -21.91 - 
136 9.01 17.89 376 -19.70 - 
138 12.30 21.06 378 -17.40 - 
140 15.68 24.32 380 -15.01 - 
142 19.18 27.67 382 -12.49 - 
144 22.76 31.11 384 -9.87 - 
146 11.83 20.03 386 -7.16 - 
148 15.60 23.65 388 -4.36 - 
150 19.46 27.36 390 -16.07 - 
152 23.42 31.19 392 -13.04 - 
154 27.46 35.10 394 -9.92 - 
156 31.60 39.11 396 -6.70 - 
158 35.83 43.21 398 -3.40 - 
160 40.14 47.40 400 0.00 - 
 
Table B-11: Stresses in Bottom Flange of Positive Girder Section 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 0.00 - 240 -17.95 -45.55 
2 6.06 - 242 -12.15 -41.45 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
4 12.03 - 244 -6.44 -37.43 
6 17.92 - 246 -0.82 -33.51 
8 23.71 - 248 4.71 -29.67 
10 29.41 - 250 10.15 -25.93 
12 -25.56 - 252 15.48 -22.29 
14 -20.47 - 254 20.71 -18.75 
16 -15.46 - 256 -34.30 -75.45 
18 -10.55 - 258 -29.24 -72.08 
20 -5.72 - 260 -24.28 -68.80 
22 -1.41 - 262 -19.62 -65.61 
24 2.81 - 264 -15.06 -62.51 
26 6.95 - 266 -10.59 -59.50 
28 11.00 - 268 -6.20 -56.58 
30 14.95 - 270 -1.90 -53.74 
32 18.41 - 272 2.05 -51.00 
34 21.77 - 274 5.92 -48.34 
36 25.04 - 276 9.69 -45.77 
38 28.23 - 278 13.38 -43.29 
40 31.33 - 280 16.98 -40.90 
42 33.93 - 282 20.21 -38.60 
44 36.44 - 284 23.35 -36.39 
46 38.86 - 286 26.40 -34.27 
48 41.19 - 288 29.36 -32.23 
50 43.44 - 290 32.23 -30.29 
52 45.22 - 292 34.71 -28.43 
54 46.92 - 294 37.10 - 
56 48.53 - 296 39.40 - 
58 50.05 - 298 41.61 - 
60 51.48 - 300 43.74 - 
62 52.47 - 302 45.44 - 
64 53.36 - 304 47.06 - 
66 54.16 - 306 48.59 - 
68 54.87 - 308 50.03 - 
70 55.50 - 310 51.38 - 
72 55.66 - 312 52.37 - 
74 55.74 - 314 53.27 - 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
76 55.73 - 316 54.08 - 
78 55.62 - 318 54.80 - 
80 55.43 - 320 55.43 - 
82 54.80 - 322 55.62 - 
84 54.08 - 324 55.73 - 
86 53.27 - 326 55.74 - 
88 52.37 - 328 55.66 - 
90 51.38 - 330 55.50 - 
92 50.03 - 332 54.87 - 
94 48.59 - 334 54.16 - 
96 47.06 - 336 53.36 - 
98 45.44 - 338 52.47 - 
100 43.74 - 340 51.48 - 
102 41.61 - 342 50.05 - 
104 39.40 - 344 48.53 - 
106 37.10 - 346 46.92 - 
108 34.71 -28.43 348 45.22 - 
110 32.23 -30.29 350 43.44 - 
112 29.36 -32.23 352 41.19 - 
114 26.40 -34.27 354 38.86 - 
116 23.35 -36.39 356 36.44 - 
118 20.21 -38.60 358 33.93 - 
120 16.98 -40.90 360 31.33 - 
122 13.38 -43.29 362 28.23 - 
124 9.69 -45.77 364 25.04 - 
126 5.92 -48.34 366 21.77 - 
128 2.05 -51.00 368 18.41 - 
130 -1.90 -53.74 370 14.95 - 
132 -6.20 -56.58 372 11.00 - 
134 -10.59 -59.50 374 6.95 - 
136 -15.06 -62.51 376 2.81 - 
138 -19.62 -65.61 378 -1.41 - 
140 -24.28 -68.80 380 -5.72 - 
142 -29.24 -72.08 382 -10.55 - 
144 -34.30 -75.45 384 -15.46 - 
146 20.71 -18.75 386 -20.47 - 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
148 15.48 -22.29 388 -25.56 - 
150 10.15 -25.93 390 29.41 - 
152 4.71 -29.67 392 23.71 - 
154 -0.82 -33.51 394 17.92 - 
156 -6.44 -37.43 396 12.03 - 
158 -12.15 -41.45 398 6.06 - 
160 -17.95 -45.55 400 0.00 - 
 
The negative girder section flanges must also be checked to be sure they are not overstressed.  
The most extreme stress felt by the top and bottom flanges of the negative girder section occurs directly 
over the pier.  First the calculations for the top flange stresses are shown below. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 10,906 k-ft)(70.625" 26.68") 12
43.73
131,523 
DC
in
ftMy
ksi
I in

 
    
     
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 1,945 k-ft)(70.625" 39.52") 12
3.13
232,189 
DC
in
ftMy
ksi
I in

 
    
     
 
DW longterm
DW
longterm
M y
I
   
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4
( 3,556 k-ft)(70.625" 39.52") 12
5.72
232,189 
DW
in
ftMy
ksi
I in

 
    
     
 
LL shortterm
LL I
shortterm
M y
I
    
4
( 8,251 k-ft)(70.625" 52.06") 12
5.55
330,922 
LL I
in
ftMy
ksi
I in
 
 
    
     
 
The prestressing stress felt by the top flange also needs to be calculated.  The strands were tensioned to 
2,000 kips at an eccentricity of 40.195 inches. 
 
prestress
P Pey
A I
     
2
2,000 (2,000 )(40.195")(70.625" 26.68")
39.56
157.5 131,523
prestress
P Pey k k
ksi
A I in


         
 
These stresses need to be combined based on the strength 1 load combination from AASHTO as 
mentioned before.  Below is this calculation to produce the final stress in the top flange. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(5.55 ) 1.25(43.73 ) 1.25(3.13 ) 1.5(5.72 ) 39.56 37.31Strength ksi ksi ksi ksi ksi ksi      
1 37.31Strength ksi   
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The final stress in the top flange in the negative girder section directly over the pier is 37.31 ksi.  This is 
less than the 50 ksi strength of the top flange; therefore the bottom flange is sufficient. 
Lastly the bottom flange stresses for the negative girder section over the pier had to be 
calculated.  The following are the calculations for the stresses in the bottom flanges resulting from the 
dead and live loads. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 10,906 k-ft)(26.68") 12
26.55
131,523 
DC
in
ftMy
ksi
I in

 
  
      
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 1,945 k-ft)(39.52") 12
3.97
232,189 
DC
in
ftMy
ksi
I in

 
  
      
 
DW longterm
DW
longterm
M y
I
   
4
( 3,556 k-ft)(39.52") 12
7.26
232,189 
DW
in
ftMy
ksi
I in

 
  
      
 
LL shortterm
LL I
shortterm
M y
I
    
Appendix B 
211 
 
4
( 8,251 k-ft)(52.06") 12
15.58
330,922 
LL I
in
ftMy
ksi
I in
 
 
  
      
 
The stress in the bottom flange caused by the prestressing strands is calculated next. 
 
prestress
P Pey
A I
     
2
2,000 (2,000 )(40.195")(26.68")
3.61
157.5 131,523
prestress
P Pey k k
ksi
A I in
         
 
To get the final stress in the bottom flange the stresses calculated for each dead and live load must now 
be combined according to the strength 1 load combination.   
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 15.58 ) 1.25( 26.55 ) 1.25( 3.97 ) 1.5( 7.26 ) 3.61 72.69Strength ksi ksi ksi ksi ksi ksi          
1 72.69Strength ksi   
 
The total stress within the bottom flange of the negative girder section over the pier is 72.69 ksi.  This is 
less than 10% over the strength of the bottom flange which is 70 ksi.  Therefore the bottom flange is 
sufficient. 
As mentioned before, the girder sections were checked at increments along their lengths.  The 
stresses felt by the top and bottom flanges do not exceed the allowable stress at any point along the 
length of the negative girder section.  Table B-12 contains the stress at each location of the negative 
girder sections. 
Appendix B 
212 
 
 
Table B-12: Stresses in the Top and Bottom Flanges of the Negative Girder Section 
Final Flange Stresses in the Negative Girder Section 
Station  
(ft)  
Total Stress -  
Bottom Flange 
(kips) 
Total Stress -  
Top Flange 
(kips) 
160 -29.31 -29.31 
162 -31.15 -31.15 
164 -33.01 -33.01 
166 -31.31 -31.31 
168 -33.24 -33.24 
170 -35.21 -35.21 
172 -37.35 -37.35 
174 -39.53 -39.53 
176 -41.74 -41.74 
178 -43.98 -43.98 
180 -46.26 -46.26 
182 -48.69 -48.69 
184 -51.15 -51.15 
186 -53.65 -53.65 
188 -56.19 -56.19 
190 -58.76 -58.76 
192 -61.47 -61.47 
194 -64.22 -64.22 
196 -67.01 -67.01 
198 -69.83 -69.83 
200 -72.68 -72.68 
200 -72.69 -72.69 
200 -72.69 -72.69 
200 -72.68 -72.68 
202 -69.83 -69.83 
204 -67.01 -67.01 
206 -64.22 -64.22 
208 -61.47 -61.47 
210 -58.76 -58.76 
212 -56.19 -56.19 
214 -53.65 -53.65 
216 -51.15 -51.15 
218 -48.69 -48.69 
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Final Flange Stresses in the Negative Girder Section 
Station  
(ft)  
Total Stress -  
Bottom Flange 
(kips) 
Total Stress -  
Top Flange 
(kips) 
220 -46.26 -46.26 
222 -43.98 -43.98 
224 -41.74 -41.74 
226 -39.53 -39.53 
228 -37.35 -37.35 
230 -35.21 -35.21 
232 -33.24 -33.24 
234 -31.31 -31.31 
236 -33.01 -33.01 
238 -31.15 -31.15 
240 -29.31 -29.31 
 
The girder sections can now be said to be adequate to support the prestressing strands, making them 
the final designs for the 200 foot, straight strand profile, prestressed girders. 
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200 Foot Prestressed Girder Design: Draped Strand Profile 
 
Figure B-9: Draped Strand Profile for 200 Foot Prestressed Girder Final Design 
 
Figure B-9 shows the strand arrangement for the 200 foot prestressed girder with the draped 
strand profile for the final girder sections.  To begin the design of this prestressed girder, the required 
diameter of the structural strand needs to be determined.  Remember that the strand diameter was 
found with these calculations for the initial girder section, because the girder sections cannot be 
designed until the strand diameter is known.  The initial girder sections for the draped strand profile 
prestress girder designs are the final standard girder designs for the 200 foot span.   
The same method as was used for the straight tendon profile is used for the draped profile.  
However, because the strands are draped, the eccentricity is not constant in the calculation of the 
incremental tendon force due to the applied loads.  In order to calculate the incremental tendon force 
due to the applied loads, the integral of the equation proposed by Saadatmanesh was utilized. For the 
straight strand profile the integral, 
0
L
xM dx , was taken to be the area under the moment envelope 
curve.  For the draped strand profile it will be taken as the area under the curve over an incremental 
length of the strand, in order to account for the change in the eccentricity of the strand over the length 
of the girder.  Once each incremental increase in the tendon force is calculated, they can then be 
summed to find the total increase in the tendon force over the length of the strands.  These calculations 
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were carried out in excel.  Figure B-10 shows one increment of the area under the moment curve for the 
positive girder section. 
 
 
Figure B-10: Example of Incremental Area under Positive Moment Envelopes for Draped Strand Profile 
 
After some iteration to find a strand profile which could support at least 20% of the maximum 
positive moment, the strand diameter which ended up controlling for this span length and strand profile 
was 4 inches.  For the 4 inch diameter strands, the summation of the individual increments of the 
increase in the tendon force over the entire length of the strands in the positive moment region resulted 
in an addition force in the strands of 39.85 kips due to the live load, 34.87 kips due to the DC1 dead 
loads, and 11.09 kips due to the DC2 and DW dead loads.  The same incremental calculations were 
calculated over the negative girder section due to the negative moment envelope.  The summation of 
the increments over the negative moment envelope resulted in an additional force in the strands of 5.90 
kips due to the live load, 10.89 kips due to the DC1 dead loads, and 3.80 kips due to the DC2 and DW 
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dead loads.    The added force in the strands is significantly less for the draped strand profile than with 
the straight strand profile due to the smaller eccentricities over much of the strand lengths. 
Now that the increase in the tendon forces due to the applied loads has been calculated, the 
available force for prestressing can be calculated.  The 4” structural strand has a nominal strength of 925 
tons or 1850 kips.  Below are the calculations to find the available force for prestressing over the 
positive moment section. 
1 2,i DC DC DW LLT T T T T     
1,850 34.87 11.09 39.85ik T k k k     
1,764.19iT k  
 
The available prestressing can be used to calculate the design prestressing force, 
DT .  As was done with 
the straight strand profile, the available prestressing force needs to be multiplied by 0.9 to account for 
prestress loss, and then by 0.7 as a factor of safety.  First, below are the calculations for the strands over 
the positive girder section. 
 0.9(1764.19 ) 1587.77iT k k    
 0.7( ) 0.7(1587.77 ) 1111.44D iT T k k     
 
The design prestressing force needs to be multiplied by two, because there are two strands over each 
section being prestressed.    
 2(1,111.44 ) 2,222.88DT k k   
 
Next the same calculations are repeated for the strands over the negative girder section. 
 
1 2,i DC DC DW LLT T T T T     
1,850 10.89 3.80 5.90ik T k k k     
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1,829.41iT k  
 
The available prestressing can next be used to calculate the design prestressing force, 
DT .   
 0.9(1,829.41 ) 1,646.47iT k k    
 0.7( ) 0.7(1,646.47 ) 1,152.53D iT T k k     
 
The design prestressing force needs to be multiplied by two, because there are two strands over each 
section being prestressed.    
 2(1,152.53 ) 2,305.06DT k k   
 
Unlike with the straight strand profile, the same prestressing force will be put on the 
prestressing strands over the entire length of the bridge.  With the straight strand profile, a different 
force could be put in the strands over the positive girder section and the negative girder section.  The 
draped profile strand profile is a continuous strand over the entire bridge length, requiring a uniform 
force over the length of the strand.  Keeping this in mind a force of 2,200 kips was chosen as the 
prestressing force for this girder. 
The same altered girder design spreadsheet was used for the draped strand profile.  Using the 
altered standard girder design spreadsheet, which checks all the ASHTO equations checked in the 
standard girder with alterations to account for the moments and stresses induced by the prestressing 
strands, the positive and negative girder sections were reduced iteratively until they couldn’t be 
reduced any further.   
The final girder sections found though iterating between SAP 2000 and the girder design 
spreadsheet for the girder sections of the 200 foot girder are found in Table B-13. 
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Table B-13: 200 Foot Prestressed Girder Design for the Draped Strand Profile 
 
 
 
Once the final girder section was found iteratively, the stresses in the flanges had to be checked 
in the same manner as the prestressed girders with the straight strand profile.  The flange stresses were 
checked at increments along the length of the girder spans.  Each spot had to be checked individually 
due to the change in moment felt by the section and the variable eccentricity of the strands.  The 
calculations follow the same procedure as the stress calculations shown previously for the straight 
strand profile. 
An example calculation is shown below for the positive moments on the positive girder section 
at a point 54 feet from the beginning of the span.  First the calculations for the bottom flange are 
shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
(3,728 k-ft)(31.77") 12
23.85
59,610 
DC
in
ftMy
ksi
I in

 
 
     
 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 12 in
Web: 50 ksi 72 in 0.5 in -
Bottom Flange: 70 ksi - 1.25 in 18 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 2 in 18 in
Web: 50 ksi 72 in 0.75 in -
Bottom Flange: 70 ksi - 3 in 26 in
Negative Section
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2
2
DC longterm
DC
longterm
M y
I
   
2 4
(735 k-ft)(53.19") 12
3.51
133,812 
DC
in
ftMy
ksi
I in

 
 
     
 
DW longterm
DW
longterm
M y
I
   
4
(1,344 k-ft)(53.19") 12
6.41
133,812 
DW
in
ftMy
ksi
I in

 
 
     
 
LL shortterm
LL I
shortterm
M y
I
    
4
(6,705 k-ft)(66.02") 12
29.71
178,792 
LL I
in
ftMy
ksi
I in
 
 
 
     
 
Now the stress induced in the bottom flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands. 
 
prestress
P Pey
A I
     
2
2,200 (2,200 )(19.25")(31.77")
53.78
70.5 59,610
prestress
P Pey k k
ksi
A I in
          
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Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as this combination has been the controlling case for this 
girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(29.71 ) 1.25(23.85 ) 1.25(3.51 ) 1.5(6.41 ) 53.78 42.03Strength ksi ksi ksi ksi ksi ksi      
1 42.03Strength ksi   
 
This stress of 42.03 ksi in the bottom flange does not exceed the allowable stress of 70 ksi of the flange.   
Next the calculation for the top flange stress of the positive girder section due to the positive 
moment at the same point is shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
(3,728 k-ft)(74.25" 31.77") 12
31.89
59,610 
DC
in
ftMy
ksi
I in

 
   
      
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
(735 k-ft)(74.25" 53.19") 12
1.39
133,812 
DC
in
ftMy
ksi
I in

 
   
      
 
DW longterm
DW
longterm
M y
I
   
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4
(1,344 k-ft)(74.25" 53.19") 12
2.54
133,812 
DW
in
ftMy
ksi
I in

 
   
      
 
LL shortterm
LL I
shortterm
M y
I
    
4
(6,705 k-ft)(74.25" 66.02") 12
3.70
178,792 
LL I
in
ftMy
ksi
I in
 
 
   
      
 
Now the stress induced in the top flange as a result of the prestressing strands needs to be 
calculated.   
 
prestress
P Pey
A I
     
2
2,200 (2,200 )(19.25")(74.25" 31.77")
1.03
70.5 59,610
prestress
P Pey k k
ksi
A I in


         
 
Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as this combination has been the controlling case for this 
girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 3.70 ) 1.25( 31.89 ) 1.25( 1.39 ) 1.5( 2.54 ) 1.03 52.92Strength ksi ksi ksi ksi ksi ksi           
1 52.92Strength ksi    
The final stress at 54 feet in the top flange is -52.92 ksi.  This is less than 10% over the 50 ksi strength of 
the top flange, therefore the flange is okay at this point.   
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Each point along the positive girder section was checked in the same manner the top and 
bottom flanges were checked here.  Table B-14 shows the stress in the top flange due to the positive 
girder envelope and Table B-15 shows the stress in the bottom flange.  They show that at no point along 
the positive girder section does the stress exceed 10% over the strength of the flanges.  
 
Table B-14: Stresses in Top Flange of Positive Girder Section 
Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 -31.21 - 240 5.24 12.31 
2 -33.18 - 242 2.43 9.63 
4 -35.07 - 244 -0.29 7.03 
6 -36.89 - 246 -2.93 4.52 
8 -38.61 - 248 -5.49 2.08 
10 -40.26 - 250 -7.97 -0.27 
12 -41.78 - 252 -10.36 -2.52 
14 -43.21 - 254 -12.67 -4.69 
16 -44.56 - 256 -14.90 -6.77 
18 -45.83 - 258 -17.04 -8.77 
20 -47.02 - 260 -19.11 -10.69 
22 -48.08 - 262 -21.07 -12.53 
24 -49.05 - 264 -22.94 -14.29 
26 -49.95 - 266 -24.73 -15.97 
28 -50.76 - 268 -26.44 -17.56 
30 -51.49 - 270 -28.07 -19.07 
32 -52.09 - 272 -29.59 -20.50 
34 -52.61 - 274 -31.03 -21.85 
36 -53.05 - 276 -32.38 -23.12 
38 -53.41 - 278 -33.66 -24.30 
40 -53.68 - 280 -34.85 -25.41 
42 -53.83 - 282 -35.93 -26.43 
44 -53.89 - 284 -36.92 -27.37 
46 -53.87 - 286 -37.84 -28.22 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
48 -53.78 - 288 -38.67 -29.00 
50 -53.59 - 290 -39.42 -29.69 
52 -53.29 - 292 -40.05 -30.30 
54 -52.90 - 294 -40.61 - 
56 -52.43 - 296 -41.08 - 
58 -51.88 - 298 -41.46 - 
60 -51.25 - 300 -41.77 - 
62 -50.50 - 302 -41.96 - 
64 -49.66 - 304 -42.06 - 
66 -48.74 - 306 -42.09 - 
68 -47.74 - 308 -42.03 - 
70 -46.66 - 310 -41.89 - 
72 -45.45 - 312 -41.64 - 
74 -44.17 - 314 -41.30 - 
76 -42.80 - 316 -40.89 - 
78 -41.34 - 318 -40.39 - 
80 -39.81 - 320 -39.81 - 
82 -40.39 - 322 -41.34 - 
84 -40.89 - 324 -42.80 - 
86 -41.30 - 326 -44.17 - 
88 -41.64 - 328 -45.45 - 
90 -41.89 - 330 -46.66 - 
92 -42.03 - 332 -47.74 - 
94 -42.09 - 334 -48.74 - 
96 -42.06 - 336 -49.66 - 
98 -41.96 - 338 -50.50 - 
100 -41.77 - 340 -51.25 - 
102 -41.46 - 342 -51.88 - 
104 -41.08 - 344 -52.43 - 
106 -40.61 - 346 -52.90 - 
108 -40.05 -30.30 348 -53.29 - 
110 -39.42 -29.69 350 -53.59 - 
112 -38.67 -29.00 352 -53.78 - 
114 -37.84 -28.22 354 -53.87 - 
116 -36.92 -27.37 356 -53.89 - 
118 -35.93 -26.43 358 -53.83 - 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
120 -34.85 -25.41 360 -53.68 - 
122 -33.66 -24.30 362 -53.41 - 
124 -32.38 -23.12 364 -53.05 - 
126 -31.03 -21.85 366 -52.61 - 
128 -29.59 -20.50 368 -52.09 - 
130 -28.07 -19.07 370 -51.49 - 
132 -26.44 -17.56 372 -50.76 - 
134 -24.73 -15.97 374 -49.95 - 
136 -22.94 -14.29 376 -49.05 - 
138 -21.07 -12.53 378 -48.08 - 
140 -19.11 -10.69 380 -47.02 - 
142 -17.04 -8.77 382 -45.83 - 
144 -14.90 -6.77 384 -44.56 - 
146 -12.67 -4.69 386 -43.21 - 
148 -10.36 -2.52 388 -41.78 - 
150 -7.97 -0.27 390 -40.26 - 
152 -5.49 2.08 392 -38.61 - 
154 -2.93 4.52 394 -36.89 - 
156 -0.29 7.03 396 -35.07 - 
158 2.43 9.63 398 -33.18 - 
160 5.24 12.31 400 -31.21 - 
 
Table B-15: Stresses in Bottom Flange of Positive Girder Section 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 -31.20 - 240 -46.75 -72.28 
2 -26.62 - 242 -42.42 -68.12 
4 -22.11 - 244 -38.18 -64.05 
6 -17.69 - 246 -34.02 -60.05 
8 -13.34 - 248 -29.93 -56.13 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
10 -9.07 - 250 -25.92 -52.29 
12 -5.28 - 252 -22.02 -48.69 
14 -1.56 - 254 -18.19 -45.17 
16 2.09 - 256 -14.44 -41.73 
18 5.65 - 258 -10.77 -38.37 
20 9.13 - 260 -7.17 -35.09 
22 12.15 - 262 -3.86 -31.88 
24 15.09 - 264 -0.63 -28.75 
26 17.96 - 266 2.52 -25.71 
28 20.74 - 268 5.59 -22.74 
30 23.45 - 270 8.59 -19.84 
32 25.70 - 272 11.28 -17.03 
34 27.87 - 274 13.89 -14.29 
36 29.97 - 276 16.42 -11.64 
38 31.98 - 278 18.87 -9.06 
40 33.92 - 280 21.25 -6.56 
42 35.41 - 282 23.29 -4.14 
44 36.82 - 284 25.25 -1.79 
46 38.15 - 286 27.13 0.47 
48 39.40 - 288 28.94 2.66 
50 40.57 - 290 30.67 4.76 
52 41.34 - 292 32.04 6.79 
54 42.02 - 294 33.33 - 
56 42.63 - 296 34.55 - 
58 43.15 - 298 35.68 - 
60 43.60 - 300 36.74 - 
62 43.64 - 302 37.42 - 
64 43.60 - 304 38.03 - 
66 43.49 - 306 38.55 - 
68 43.30 - 308 39.00 - 
70 43.02 - 310 39.37 - 
72 42.33 - 312 39.41 - 
74 41.57 - 314 39.37 - 
76 40.72 - 316 39.26 - 
78 39.80 - 318 39.07 - 
80 38.80 - 320 38.80 - 
Appendix B 
226 
 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
82 39.07 - 322 39.80 - 
84 39.26 - 324 40.72 - 
86 39.37 - 326 41.57 - 
88 39.41 - 328 42.33 - 
90 39.37 - 330 43.02 - 
92 39.00 - 332 43.30 - 
94 38.55 - 334 43.49 - 
96 38.03 - 336 43.60 - 
98 37.42 - 338 43.64 - 
100 36.74 - 340 43.60 - 
102 35.68 - 342 43.15 - 
104 34.55 - 344 42.63 - 
106 33.33 - 346 42.02 - 
108 32.04 6.79 348 41.34 - 
110 30.67 4.76 350 40.57 - 
112 28.94 2.66 352 39.40 - 
114 27.13 0.47 354 38.15 - 
116 25.25 -1.79 356 36.82 - 
118 23.29 -4.14 358 35.41 - 
120 21.25 -6.56 360 33.92 - 
122 18.87 -9.06 362 31.98 - 
124 16.42 -11.64 364 29.97 - 
126 13.89 -14.29 366 27.87 - 
128 11.28 -17.03 368 25.70 - 
130 8.59 -19.84 370 23.45 - 
132 5.59 -22.74 372 20.74 - 
134 2.52 -25.71 374 17.96 - 
136 -0.63 -28.75 376 15.09 - 
138 -3.86 -31.88 378 12.15 - 
140 -7.17 -35.09 380 9.13 - 
142 -10.77 -38.37 382 5.65 - 
144 -14.44 -41.73 384 2.09 - 
146 -18.19 -45.17 386 -1.56 - 
148 -22.02 -48.69 388 -5.28 - 
150 -25.92 -52.29 390 -9.07 - 
152 -29.93 -56.13 392 -13.34 - 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
154 -34.02 -60.05 394 -17.69 - 
156 -38.18 -64.05 396 -22.11 - 
158 -42.42 -68.12 398 -26.62 - 
160 -46.75 -72.28 400 -31.20 - 
 
An additional example calculation is shown below for the negative moments on the negative 
girder section at a point directly over the pier.  There is no need to calculate the stresses from the 
positive moments on the negative girder section, because they do not act on over this part of the span.  
First the calculations for the bottom flange are shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 11,146.8 k-ft)(29.52") 12
23.61
167,265 
DC
in
ftMy
ksi
I in

 
  
      
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 1,949.2 k-ft)(42.52") 12
3.51
283,262 
DC
in
ftMy
ksi
I in

 
  
      
 
DW longterm
DW
longterm
M y
I
   
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4
( 3,563.5 k-ft)(42.52") 12
6.42
283,262 
DW
in
ftMy
ksi
I in

 
  
      
 
LL shortterm
LL I
shortterm
M y
I
    
4
( 8,274.4 k-ft)(55.68") 12
13.79
400,947 
LL I
in
ftMy
ksi
I in
 
 
  
      
 
Next the stress induced in the bottom flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands. 
 
prestress
P Pey
A I
     
2
2,200 (2,200 )(18.26")(29.52")
6.01
168 167,265
prestress
P Pey k k
ksi
A I in
          
 
Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as once again this combination is been the controlling case 
for this girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 13.79 ) 1.25( 23.61 ) 1.25( 3.51 ) 1.5( 6.42 ) 6.01 73.67Strength ksi ksi ksi ksi ksi ksi           
1 73.67Strength ksi    
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This stress of -73.67 ksi in the bottom flange does not exceed the allowable stress of 70 ksi of the flange 
by more than 10%, therefore the flange is sufficient.   
Next the calculation for the top flange stress of the negative girder section due to the negative 
moment at the same point is shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 11,146.8 k-ft)(77.00" 29.52") 12
37.97
167,265 
DC
in
ftMy
ksi
I in

 
    
     
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 1,949.2 k-ft)(77.00" 42.52") 12
2.85
283,262 
DC
in
ftMy
ksi
I in

 
    
     
 
DW longterm
DW
longterm
M y
I
   
4
( 8,274.4 k-ft)(77.00" 42.52") 12
5.21
283,262 
DW
in
ftMy
ksi
I in

 
    
     
 
LL shortterm
LL I
shortterm
M y
I
    
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4
( 8,274.4 k-ft)(77.00" 55.68") 12
5.28
400,947 
LL I
in
ftMy
ksi
I in
 
 
    
     
 
Now the stress induced in the top flange as a result of the prestressing strands needs to be 
calculated.   
prestress
P Pey
A I
     
2
2,200 (2,200 )(18.26")(77.00" 29.52")
24.50
168 167,265
prestress
P Pey k k
ksi
A I in


         
 
Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(5.28 ) 1.25(37.97 ) 1.25(2.85 ) 1.5(5.21 ) 24.50 43.58Strength ksi ksi ksi ksi ksi ksi      
1 43.58Strength ksi   
 
The final stress over the pier in the top flange is 43.58 ksi.  This is less than the 50 ksi strength of the top 
flange; therefore the flange is okay at this point.   
Each point along the negative girder section was checked in the same manner the top and 
bottom flanges were checked here.  Table B-16 shows the stress in the top flange and bottom flange due 
to the negative moment envelopes on the negative girder section.  The table shows that at no point 
along the positive girder section does the stress exceed 10% over the strength of the flanges.  
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Table B-16: Stresses in Top and Bottom Flanges of Negative Girder Section 
Final Flange Stresses in the Negative Girder Section 
Station  
(ft)  
Total Stress -  
Bottom Flange 
(kips) 
Total Stress -  
Top Flange 
(kips) 
160 -37.56 6.64 
162 -38.91 8.03 
164 -40.29 9.45 
166 -41.69 10.91 
168 -43.13 12.42 
170 -44.60 13.97 
172 -46.22 15.60 
174 -47.87 17.28 
176 -49.55 19.01 
178 -51.26 20.77 
180 -53.00 22.58 
182 -54.88 24.46 
184 -56.78 26.39 
186 -58.72 28.37 
188 -60.69 30.38 
190 -62.69 32.44 
192 -64.82 34.58 
194 -66.98 36.76 
196 -69.17 38.99 
198 -71.40 41.25 
200 -73.65 43.56 
200 -73.66 43.57 
200 -73.66 43.57 
200 -73.65 43.56 
202 -71.40 41.25 
204 -69.17 38.99 
206 -66.98 36.76 
208 -64.82 34.58 
210 -62.69 32.44 
212 -60.69 30.38 
214 -58.72 28.37 
216 -56.78 26.39 
218 -54.88 24.46 
220 -53.00 22.58 
222 -51.26 20.77 
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Final Flange Stresses in the Negative Girder Section 
Station  
(ft)  
Total Stress -  
Bottom Flange 
(kips) 
Total Stress -  
Top Flange 
(kips) 
224 -49.55 19.01 
226 -47.87 17.28 
228 -46.22 15.60 
230 -44.60 13.97 
232 -43.13 12.42 
234 -41.69 10.91 
236 -40.29 9.45 
238 -38.91 8.03 
240 -37.56 6.64 
 
The girder sections can now be said to be adequate to support the prestressing strands, making them 
the final designs for the 200 foot, draped strand profile, prestressed girders. 
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250 Foot Prestressed Girder Design: Straight Strand Profile 
 
Figure B-11: Straight Strand Profile for 250 Foot Prestressed Girder Final Design 
 
To begin the design of the 250 foot prestressed girder design, the required diameter of the 
structural strand needs to be determined.  In order to determine the diameter of the strands, an 
equation presented by Saadatmanesh, et al. in “Guidelines for Flexural Design of Prestressed Composite 
Beams” has been utilized.  The work by Saadatmanesh, et al. utilized in this research is used to calculate 
the additional stresses induced in the prestressing strands as a result of the loads applied after the 
strands are stressed.  These loads include the DC1, DC2, and DW dead loads and the live loads.  After the 
additional force due to the applied loads is calculated it can be subtracted from the nominal strength of 
the structural strands to find the available prestressing force in the strand.  The equations from 
Saadatmanesh, et al. are laid out below (Saadatmanesh, 1989). 
 
 
1 2,i DC DC DW LLT T T T T      
T   total force in strand 
iT   initial prestressing force 
1DCT   increase in tendon force due to DC1 dead loads 
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2,DC DWT   increase in tendon force due to DC2 and DW dead loads 
LLT   increase in tendon force due to live loads 
 
The incremental increase in the tendon force due to the applied loads can be calculated using the 
following equation from the work of Saadatmanesh, et al. (Saadatmanesh, 1989). 
 
 0
2
L
x
t t
e
M dx
L
T
EI I
e
E A A
 
 

  
e   eccentricity 
L   length of prestressing strand 
0
L
xM dx   area under the moment diagram over the length of the tendon 
E   modulus of elasticity of girder 
I   moment of inertia of girder 
tE   modulus of elasticity of tendon 
tA   area of tendon 
A   area of girder 
 
These equations were applied to the final girder sections from the 250 foot standard girder 
designs in order to find an appropriate structural strand diameter to be used for the prestressing.  First 
an initial strand diameter was chosen and through an iterative process, in which it was attempted to find 
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a strand that could support around 20% of the moment on the positive girder section, a 4¾” diameter 
structural strand was selected. 
First the area under the moment diagram over the length of the tendon has to be found for the 
DC1, DC2 and DW, and live loads.  Remember that the area under the moment curves is needed only 
over the length of the strands.  For the positive regions the strands are located from 14 feet to 172 feet 
and from 328 feet to 486 feet.  These two regions mirror each other and therefore the calculations are 
only carried out for the 14 foot to 172 foot strands.  In the negative region the strands span from 207 
feet to 293 feet which falls centered over the pier.  Figure B-12 shows the moment envelopes for each 
of the loads considered over the positive girder section.  Figure B-13 shows the moment envelopes over 
the negative girder section.   
 
 
Figure B-12: Moment Envelopes over Positive Girder Section for 250 Foot Span 
 
For the Positive girder section, between 14 feet and 172 feet the areas under the curves are as follows: 
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148
2
1 1
12
932,936 -DC DCA M dx k ft   
148
2
2, 2,
12
560,776 -DC DW DC DWA M dx k ft   
148
2
12
2,413,297 -LL LLA M dx k ft   
 
 
Figure B-13: Moment Envelopes over Negative Girder Section for 250 Foot Span 
 
For the Negative girder section, between 207 feet and 293 feet the areas under the curves are as 
follows: 
 
234
2
1 1
166
1,267,261 -DC DCA M dx k ft    
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234
2
2, 2,
166
641,579 -DC DW DC DWA M dx k ft    
234
2
166
1,243,466 -LL LLA M dx k ft    
 
Now that these areas have been found, the increase in tendon force due to the various applied 
loads can be calculated.  First it was calculated for the positive girder section.  Remember that the 
selected diameter of the structural strand is 4¾”, which has a metallic area of 13.0 in2 and a modulus of 
elasticity of 24,000 ksi.  Also it is important to note that the section properties of the girders within the 
equation are based on which section the various loads are applied to accorder to AASHTO.  The DC1 
dead loads act on the bare steel section properties, the DC2 and DW dead loads act on the long term 
composite section properties, and the live loads act on the short term composite section properties. 
 
2
2
1 2
0
1 4 4 2
2 2
2 2
(34.32")
(932,936 ) 12
(158') 12
2,431,774 
(29,000 )(137,579 ) (137,579 ) 15,248
(34.32")
(24,000 )(13.0 ) (107.25 )
L
DC
DC
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

 
1 159.48DCT k   
 
2
2
2, 2
0
2, 4 4 2
2 2
2 2
(34.32")
(560,776 ) 12
(158') 12
1,461,709 
(29,000 )(271,811 ) (271,811 ) 28,114
(34.32")
(24,000 )(13.0 ) (162.58 )
L
DC DW
DC DW
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

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2, 51.99DC DWT k   
 
2
2
2
0
4 4 2
2 2
2 2
(34.32")
(2,413,297 ) 12
(153') 12
6,496,028 
(29,000 )(377,673 ) (377,673 ) 37,664
(34.32")
(24,000 )(13.0 ) (273.25 )
L
LL
LL
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

 
172.47LLT k   
 
Now that the increase in the tendon forces due to the applied loads has been calculated, the 
available force for prestressing can be calculated.  The 4¾” structural strand has a nominal strength of 
1,300 tons or 2,600 kips.  Below are the calculations to find the available force for prestressing. 
 
1 2,i DC DC DW LLT T T T T     
2,600 159.48 51.99 172.47ik T k k k     
2,216.06iT k  
 
Next the increase in tendon force due to the various applied loads over the negative girder section 
needed to be calculated. 
 
2
2
1 2
0
1 4 4 2
2 2
2 2
(44.32")
(1,267,261 ) 12
(86 ') 12
7,836,978 
(29,000 )(482,343 ) (482,343 ) 48,618
(44.32")
(24,000 )(13.0 ) (265.00 )
L
DC
DC
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

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1 161.19DCT k   
 
2
2
2, 2
0
2, 4 4 2
2 2
2 2
(44.32")
(641,579 ) 12
(86 ') 12
3,967,644 
(29,000 )(613,106 ) (613,106 ) 60,881
(44.32")
(24,000 )(13.0 ) (317.85 )
L
DC DW
DC DW
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

 
2, 65.17DC DWT k   
 
2
2
2
0
4 4 2
2 2
2 2
(44.32")
(1,243,466 ) 12
(86 ') 12
7,689,825 
(29,000 )(776,987 ) (776,987 ) 76,019
(44.32")
(24,000 )(13.0 ) (423.56 )
L
LL
LL
t t
in
k ft
fte in
M dx
L ft k in
T
EI I ksi in in in
e
E A A ksi in in
 
  
   
 
    
   

 
101.16LLT k   
 
Now that the increase in the tendon forces due to the applied loads has been calculated, the available 
force for prestressing can be calculated.  As before, the 4¾” structural strand has a nominal strength of 
2,600 kips.  Below are the calculations to find the available force for prestressing for the strands over 
the negative girder section. 
1 2,i DC DC DW LLT T T T T     
2,600 161.19 65.17 101.16ik T k k k     
2,272.48iT k  
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The available prestressing can be used to calculate the design prestressing force, 
DT .  As mentioned in 
the “Design Method” section of Chapter 4, the available prestressing force needs to be multiplied by 0.9 
to account for prestress loss, and then by 0.7 as a factor of safety.  First, below are the calculations for 
the strands over the positive girder section. 
 
 0.9(2,216.06 ) 1,994.45iT k k    
 0.7( ) 0.7(1,994.45 ) 1,396.12D iT T k k     
 
The design prestressing force needs to be multiplied by two, because there are two strands over each 
section being prestressed.    
 2(1,396.12 ) 2,792.24DT k k   
 
Next the same calculations are repeated for the strands over the negative girder section. 
 
 
0.9(2,272.48 ) 2,045.23iT k k   
0.7( ) 0.7(2,045.23 ) 1,431.66D iT T k k    
 
2(1,431.66 ) 2,863.32DT k k   
 
As explained in the “Design Method” section of Chapter 4 the standard girder design 
spreadsheet was altered to account for the moment induced in the girder as a result of the prestressing 
strands.  It was selected that for the positive girder section a force of 2,250 kips would be put into the 
prestressing strands.  At an eccentricity of 37.69 inches this results in a moment of 7,067 k-ft.  This force 
was chosen for the positive girder section after an alternative force of 2,750 was chosen and found to be 
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too great to keep the flange stresses below the allowable flange stresses.  For the negative girder 
section a force of 2,750 kips was selected to be put into the strands.  At an eccentricity of 44.32 inches 
this force results in a prestressing moment of 10,157 k-ft.  Using the altered standard girder design 
spreadsheet, which checks all the ASHTO equations checked in the standard girder calculations which 
can be found in Appendix A with alterations to account for the moments and stresses induced by the 
prestressing strands, the positive and negative girder sections were reduced iteratively until they 
couldn’t be reduced any further.   
The final girder sections found though iterating between SAP 2000 and the girder design 
spreadsheet for the girder sections of the 250 foot girder are shown in Table B-17. 
 
Table B-17: 250 Foot Prestressed Girder Design for the Straight Strand Profile 
 
 
 
Because the altered girder design spreadsheet is altered without AASHTO or any other design 
code to substantiate the changes, the flanges of the final prestressed girder designs need to be checked 
to be sure that the stresses do not exceed 110% of the yield stress.  They are allowed to exceed the yield 
stress by 10% when the strength combination is being considered.  The spreadsheet was simply a guide 
to iterate to an optimum section, but until the stresses are checked they girder sections cannot be 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 16 in
Web: 50 ksi 88 in 5/8 in -
Bottom Flange: 70 ksi - 1 1/2 in 16 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 2.00 in 22 in
Web: 50 ksi 88 in 3/4 in -
Bottom Flange: 70 ksi - 3 3/8 in 26 in
Negative Section
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substantiated.  In this case, the strength 1 load combination controls, so the flanges are allowed to reach 
stresses of 110% of the yield strength. 
To check the stresses in the flanges of the girder sections, the stress resulting from the applied 
loads and prestressing strands need to be calculated and then combined according to the strength 1 
load combination.  The calculation for the most extreme stresses in the positive girder and the negative 
girder are shown below.  These calculation were repeated in an excel spreadsheet to be sure that the 
flange stresses check out for each point along the length of the girders. 
First, the positive girder section sees the highest bottom flange stress at a distance of 166 feet 
from the beginning of the span.  At this position the positive girder section has a large amount of stress 
in the flanges due to the negative moment envelope acting on the positive girder section.  At this 
location the prestressing force does not induce stresses to oppose those of the moment envelope, but 
instead worsens the flange stresses due to the applied loads.   
To begin, the stresses due to the applied loads have to be calculated for the dead and live loads.  
A negative stress indicates a compressive stress and a positive stress indicates a tensile stress.  Each load 
is applied to a certain section: either the bare steel section, the short term composite section, or the 
long term composite section.  The first stress calculation below is for the DC1 dead loads applied to the 
bare steel section properties for the bottom flange. 
1
1
DC baresteel
DC
baresteel
M y
I
   
 
1 4
(672 k-ft)(41.69") 12
2.95
113,865 
DC
in
ftMy
ksi
I in

 
 
     
Next the stress calculation for the DC2 dead loads applied to the long term section properties for the 
bottom flange. 
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2
2
DC longterm
DC
longterm
M y
I
   
2 4
(235 k-ft)(62.00") 12
0.79
220,730 
DC
in
ftMy
ksi
I in

 
 
     
 
Now the stress calculation for the DW dead loads applied to the long term section properties for the 
bottom flange. 
DW longterm
DW
longterm
M y
I
   
4
(328 k-ft)(62.00") 12
1.11
220,730 
DW
in
ftMy
ksi
I in

 
 
     
 
Lastly for the bottom flange, the stress calculation for the live loads applied to the short term section 
properties is below. 
LL shortterm
LL I
shortterm
M y
I
    
4
( 5100 k-ft)(76.78") 12
15.71
299,038 
LL I
in
ftMy
ksi
I in
 
 
  
      
 
Now the stress induced in the bottom flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands. 
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prestress
P Pey
A I
     
2 4
2,250 (2,250 )(37.69")(41.69")
54.73
95.00 113,865
prestress
P Pey k k
ksi
A I in in
          
 
Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as this combination has been the controlling case for this 
girder design. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 15.72 ) 1.25(2.96 ) 1.25(0.79 ) 1.5(1.11 ) 54.73 75.90Strength ksi ksi ksi ksi ksi ksi        
1 75.90Strength ksi    
 
The final stress in the bottom flange for the positive girder section at 166 feet from the beginning of the 
span is -75.90 ksi.  This is less than 10% over the strength of the flange which is 70 ksi steel.  Therefore 
the bottom flange is sufficient. 
The most extreme case for the top flange of the positive girder section results from the negative 
moment envelope at the transition from the positive girder section to the negative girder section, which 
occurs at 200 feet. The calculations below show the calculation of the stresses in the top flange at this 
point. 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
(6,660 k-ft)(90.50" 41.69") 12
34.26
113,865 
DC
in
ftMy
ksi
I in

 
   
      
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2
2
DC longterm
DC
longterm
M y
I
   
2 4
(1,223 k-ft)(90.50" 62.00") 12
1.89
220,730 
DC
in
ftMy
ksi
I in

 
   
      
 
DW longterm
DW
longterm
M y
I
   
4
(2,182 k-ft)(90.50" 62.00") 12
3.38
220,730 
DW
in
ftMy
ksi
I in

 
   
      
 
LL shortterm
LL I
shortterm
M y
I
    
4
(10,403 k-ft)(90.50" 76.78") 12
5.73
299,038 
LL I
in
ftMy
ksi
I in
 
 
   
      
 
Now the stress induced in the top flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands.  The strands 
were stressed to 2,250 kips at an eccentricity of 37.69 inches. 
 
prestress
P Pey
A I
     
2 4
2,250 (2,250 )(37.69")(90.5 41.69")
12.67
95.00 113,865
prestress
P Pey k k
ksi
A I in in


        
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Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as this combination has been the controlling case for this 
girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 5.73 ) 1.25( 34.26 ) 1.25( 1.89 ) 1.5( 3.38 ) 12.67 47.62Strength ksi ksi ksi ksi ksi ksi          
1 47.62Strength ksi   
 
The total stress in the top flange is 47.62 ksi.  This is less than the strength of the top flange, which is 50 
ksi.  Therefore the top flange of the positive girder section is sufficient.  As mentioned before the 
positive section was checked at increments along the length of the girder.  Only 2 points of calculation 
are shown above.  Table B-18 shows the total stresses in the top flange of the positive girder section due 
to the positive and negative moment envelopes and Table B-19 shows the total stresses in the bottom 
flange. 
 
Table B-18: Stresses in Top Flange of Positive Girder Section 
Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 0.00 - 300 36.58 46.27 
2 -2.72 - 302 33.22 43.05 
4 -5.38 - 304 29.91 39.89 
6 -7.99 - 306 26.66 36.78 
8 -10.54 - 308 23.46 33.73 
10 -13.03 - 310 20.32 30.73 
12 -15.43 - 312 17.24 27.81 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
14 -5.10 - 314 14.20 24.95 
16 -7.39 - 316 11.23 22.15 
18 -9.62 - 318 8.31 19.40 
20 -11.80 - 320 5.44 16.70 
22 -13.88 - 322 2.65 14.06 
24 -15.90 - 324 -0.08 11.47 
26 -17.87 - 326 -2.76 8.94 
28 -19.78 - 328 -5.38 6.47 
30 -21.64 - 330 -7.95 4.05 
32 -23.41 - 332 -10.44 1.69 
34 -25.11 - 334 -0.20 12.04 
36 -26.76 - 336 -2.58 9.79 
38 -28.36 - 338 -4.90 7.59 
40 -29.90 - 340 -7.17 5.45 
42 -31.35 - 342 -9.35 3.36 
44 -32.74 - 344 -11.48 1.33 
46 -34.08 - 346 -13.55 -0.65 
48 -35.36 - 348 -15.57 -2.58 
50 -36.58 - 350 -17.54 -4.44 
52 -37.71 - 352 -19.42 -6.26 
54 -38.79 - 354 -21.24 -8.01 
56 -39.81 - 356 -23.01 -9.72 
58 -40.77 - 358 -24.73 -11.36 
60 -41.68 - 360 -26.39 -12.96 
62 -42.49 - 362 -27.96 - 
64 -43.26 - 364 -29.48 - 
66 -43.96 - 366 -30.94 - 
68 -44.61 - 368 -32.35 - 
70 -45.21 - 370 -33.70 - 
72 -45.71 - 372 -34.97 - 
74 -46.16 - 374 -36.18 - 
76 -46.56 - 376 -37.34 - 
78 -46.90 - 378 -38.44 - 
80 -47.18 - 380 -39.48 - 
82 -47.37 - 382 -40.44 - 
84 -47.51 - 384 -41.34 - 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
86 -47.59 - 386 -42.19 - 
88 -47.62 - 388 -42.98 - 
90 -47.59 - 390 -43.72 - 
92 -47.47 - 392 -44.37 - 
94 -47.29 - 394 -44.97 - 
96 -47.06 - 396 -45.51 - 
98 -46.77 - 398 -46.00 - 
100 -46.43 - 400 -46.43 - 
102 -46.00 - 402 -46.77 - 
104 -45.51 - 404 -47.06 - 
106 -44.97 - 406 -47.29 - 
108 -44.37 - 408 -47.47 - 
110 -43.72 - 410 -47.59 - 
112 -42.98 - 412 -47.62 - 
114 -42.19 - 414 -47.59 - 
116 -41.34 - 416 -47.51 - 
118 -40.44 - 418 -47.37 - 
120 -39.48 - 420 -47.18 - 
122 -38.44 - 422 -46.90 - 
124 -37.34 - 424 -46.56 - 
126 -36.18 - 426 -46.16 - 
128 -34.97 - 428 -45.71 - 
130 -33.70 - 430 -45.21 - 
132 -32.35 - 432 -44.61 - 
134 -30.94 - 434 -43.96 - 
136 -29.48 - 436 -43.26 - 
138 -27.96 - 438 -42.49 - 
140 -26.39 -12.96 440 -41.68 - 
142 -24.73 -11.36 442 -40.77 - 
144 -23.01 -9.72 444 -39.81 - 
146 -21.24 -8.01 446 -38.79 - 
148 -19.42 -6.26 448 -37.71 - 
150 -17.54 -4.44 450 -36.58 - 
152 -15.57 -2.58 452 -35.36 - 
154 -13.55 -0.65 454 -34.08 - 
156 -11.48 1.33 456 -32.74 - 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
158 -9.35 3.36 458 -31.35 - 
160 -7.17 5.45 460 -29.90 - 
162 -4.90 7.59 462 -28.36 - 
164 -2.58 9.79 464 -26.76 - 
166 -0.20 12.04 466 -25.11 - 
168 -10.44 1.69 468 -23.41 - 
170 -7.95 4.05 470 -21.64 - 
172 -5.38 6.47 472 -19.78 - 
174 -2.76 8.94 474 -17.87 - 
176 -0.08 11.47 476 -15.90 - 
178 2.65 14.06 478 -13.88 - 
180 5.44 16.70 480 -11.80 - 
182 8.31 19.40 482 -9.62 - 
184 11.23 22.15 484 -7.39 - 
186 14.20 24.95 486 -5.10 - 
188 17.24 27.81 488 -15.43 - 
190 20.32 30.73 490 -13.03 - 
192 23.46 33.73 492 -10.54 - 
194 26.66 36.78 494 -7.99 - 
196 29.91 39.89 496 -5.38 - 
198 33.22 43.05 498 -2.72 - 
200 36.58 46.27 500 0.00 - 
 
Table B-19: Stresses in Bottom Flange of Positive Girder Section 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 0.00 - 300 -20.91 -75.12 
2 4.61 - 302 -16.37 -71.39 
4 9.15 - 304 -11.89 -67.72 
6 13.64 - 306 -7.47 -64.10 
Appendix B 
250 
 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
8 18.07 - 308 -3.10 -60.54 
10 22.45 - 310 1.21 -57.04 
12 26.52 - 312 5.47 -53.73 
14 -24.19 - 314 9.68 -50.49 
16 -20.22 - 316 13.82 -47.29 
18 -16.32 - 318 17.91 -44.16 
20 -12.47 - 320 21.95 -41.08 
22 -8.92 - 322 25.79 -38.07 
24 -5.42 - 324 29.58 -35.11 
26 -1.97 - 326 33.31 -32.20 
28 1.41 - 328 36.99 -29.36 
30 4.74 - 330 40.60 -26.57 
32 7.77 - 332 44.02 -23.84 
34 10.76 - 334 -7.35 -75.90 
36 13.68 - 336 -4.04 -73.28 
38 16.54 - 338 -0.80 -70.72 
40 19.35 - 340 2.39 -68.22 
42 21.87 - 342 5.37 -65.78 
44 24.34 - 344 8.30 -63.40 
46 26.74 - 346 11.16 -61.07 
48 29.09 - 348 13.97 -58.80 
50 31.39 - 350 16.72 -56.59 
52 33.40 - 352 19.25 -54.43 
54 35.35 - 354 21.73 -52.33 
56 37.24 - 356 24.14 -50.29 
58 39.08 - 358 26.50 -48.31 
60 40.86 - 360 28.80 -46.39 
62 42.37 - 362 30.88 - 
64 43.81 - 364 32.89 - 
66 45.21 - 366 34.85 - 
68 46.54 - 368 36.75 - 
70 47.82 - 370 38.59 - 
72 48.84 - 372 40.20 - 
74 49.81 - 374 41.74 - 
76 50.72 - 376 43.23 - 
78 51.57 - 378 44.66 - 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
80 52.36 - 380 46.04 - 
82 52.89 - 382 47.18 - 
84 53.36 - 384 48.26 - 
86 53.77 - 386 49.28 - 
88 54.12 - 388 50.24 - 
90 54.41 - 390 51.15 - 
92 54.45 - 392 51.84 - 
94 54.42 - 394 52.46 - 
96 54.34 - 396 53.03 - 
98 54.20 - 398 53.55 - 
100 54.00 - 400 54.00 - 
102 53.55 - 402 54.20 - 
104 53.03 - 404 54.34 - 
106 52.46 - 406 54.42 - 
108 51.84 - 408 54.45 - 
110 51.15 - 410 54.41 - 
112 50.24 - 412 54.12 - 
114 49.28 - 414 53.77 - 
116 48.26 - 416 53.36 - 
118 47.18 - 418 52.89 - 
120 46.04 - 420 52.36 - 
122 44.66 - 422 51.57 - 
124 43.23 - 424 50.72 - 
126 41.74 - 426 49.81 - 
128 40.20 - 428 48.84 - 
130 38.59 - 430 47.82 - 
132 36.75 - 432 46.54 - 
134 34.85 - 434 45.21 - 
136 32.89 - 436 43.81 - 
138 30.88 - 438 42.37 - 
140 28.80 -46.39 440 40.86 - 
142 26.50 -48.31 442 39.08 - 
144 24.14 -50.29 444 37.24 - 
146 21.73 -52.33 446 35.35 - 
148 19.25 -54.43 448 33.40 - 
150 16.72 -56.59 450 31.39 - 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
152 13.97 -58.80 452 29.09 - 
154 11.16 -61.07 454 26.74 - 
156 8.30 -63.40 456 24.34 - 
158 5.37 -65.78 458 21.87 - 
160 2.39 -68.22 460 19.35 - 
162 -0.80 -70.72 462 16.54 - 
164 -4.04 -73.28 464 13.68 - 
166 -7.35 -75.90 466 10.76 - 
168 44.02 -23.84 468 7.77 - 
170 40.60 -26.57 470 4.74 - 
172 36.99 -29.36 472 1.41 - 
174 33.31 -32.20 474 -1.97 - 
176 29.58 -35.11 476 -5.42 - 
178 25.79 -38.07 478 -8.92 - 
180 21.95 -41.08 480 -12.47 - 
182 17.91 -44.16 482 -16.32 - 
184 13.82 -47.29 484 -20.22 - 
186 9.68 -50.49 486 -24.19 - 
188 5.47 -53.73 488 26.52 - 
190 1.21 -57.04 490 22.45 - 
192 -3.10 -60.54 492 18.07 - 
194 -7.47 -64.10 494 13.64 - 
196 -11.89 -67.72 496 9.15 - 
198 -16.37 -71.39 498 4.61 - 
200 -20.91 -75.12 500 0.00 - 
Tables B-18 and B-19 show that at no point along the length of the positive girder section did 
the top or bottom flange exceed the flange strengths by more than 10% of the strength. 
The negative girder section flanges must also be checked to be sure they are not overstressed.  
The most extreme stress felt by the top and bottom flanges of the negative girder section occurs directly 
over the pier.  First the calculations for the top flange stresses are shown below. 
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1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 18,829 k-ft)(93.375" 37.11") 12
43.22
294,135 
DC
in
ftMy
ksi
I in

 
    
     
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 3,007 k-ft)(93.375" 50.52") 12
3.38
458,024 
DC
in
ftMy
ksi
I in

 
    
     
 
DW longterm
DW
longterm
M y
I
   
4
( 5,648 k-ft)(93.375" 50.52") 12
6.34
458,024 
DW
in
ftMy
ksi
I in

 
    
     
 
LL shortterm
LL I
shortterm
M y
I
    
4
( 11,663 k-ft)(93.375" 65.15") 12
6.20
637,185 
LL I
in
ftMy
ksi
I in
 
 
    
     
 
The prestressing stress felt by the top flange also needs to be calculated.  The strands were 
tensioned to 2,750 kips at an eccentricity of 51.27 inches. 
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prestress
P Pey
A I
     
2 4
2,750 (2,750 )(51.27")(93.375" 37.11")
40.88
197.75 294,135
prestress
P Pey k k
ksi
A I in in


         
 
These stresses need to be combined based on the strength 1 load combination from AASHTO as 
mentioned before.  Below is this calculation to produce the final stress in the top flange. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(6.20 ) 1.25(43.22 ) 1.25(3.38 ) 1.5(6.34 ) 40.88 37.73Strength ksi ksi ksi ksi ksi ksi      
1 37.73Strength ksi   
 
The final stress in the top flange in the negative girder section directly over the pier is 37.73 ksi.  This is 
less than the 50 ksi strength of the top flange; therefore the top flange is sufficient. 
Lastly the bottom flange stresses for the negative girder section over the pier had to be 
calculated.  The following are the calculations for the stresses in the bottom flanges resulting from the 
dead and live loads. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 18,829 k-ft)(37.11") 12
28.51
294,135 
DC
in
ftMy
ksi
I in

 
  
      
 
2
2
DC longterm
DC
longterm
M y
I
   
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2 4
( 3,007 k-ft)(50.52") 12
3.98
458,024 
DC
in
ftMy
ksi
I in

 
  
      
 
DW longterm
DW
longterm
M y
I
   
4
( 5,648 k-ft)(50.52") 12
7.48
458,024 
DW
in
ftMy
ksi
I in

 
  
      
 
LL shortterm
LL I
shortterm
M y
I
    
4
( 11,663 k-ft)(65.15") 12
14.31
637,185 
LL I
in
ftMy
ksi
I in
 
 
  
      
 
The stress in the bottom flange caused by the prestressing strands is calculated next. 
 
prestress
P Pey
A I
     
2 4
2,750 (2,750 )(51.27")(37.11")
3.88
197.75 294,135
prestress
P Pey k k
ksi
A I in in
         
 
To get the final stress in the bottom flange the stresses calculated for each dead and live load 
must now be combined according to the strength 1 load combination.   
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
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1 1.75( 14.31 ) 1.25( 28.51 ) 1.25( 3.98 ) 1.5( 7.48 ) 3.88 72.98Strength ksi ksi ksi ksi ksi ksi           
1 72.98Strength ksi    
 
The total stress within the bottom flange of the negative girder section over the pier is -72.98 ksi.  This 
does not exceed the flange strength of 70 ksi by more than 10%.  Therefore the bottom flange is 
sufficient. 
As mentioned before, the girder sections were checked at increments along their lengths.  The 
stresses felt by the top and bottom flanges never exceeded the allowable stress.  Table B-20 shows the 
stress in the top and bottom flange for each point along the length of the negative girder section.   
 
Table B-20: Stresses in the Top and Bottom Flanges of the Negative Girder Section 
Final Flange Stresses in the Negative Girder Section 
Station  
(ft)  
Total Stress -  
Bottom Flange 
(kips) 
Total Stress -  
Top Flange 
(kips) 
200 -28.25 25.26 
202 -29.74 26.93 
204 -31.25 28.64 
206 -32.79 30.39 
208 -30.46 -8.72 
210 -32.05 -6.91 
212 -33.75 -5.03 
214 -35.47 -3.12 
216 -37.22 -1.18 
218 -38.99 0.79 
220 -40.79 2.80 
222 -42.69 4.87 
224 -44.62 6.97 
226 -46.57 9.11 
228 -48.54 11.28 
230 -50.54 13.48 
232 -52.64 15.74 
234 -54.76 18.04 
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Final Flange Stresses in the Negative Girder Section 
Station  
(ft)  
Total Stress -  
Bottom Flange 
(kips) 
Total Stress -  
Top Flange 
(kips) 
236 -56.91 20.37 
238 -59.08 22.73 
240 -61.27 25.12 
242 -63.56 27.58 
244 -65.88 30.06 
246 -68.22 32.58 
248 -70.58 35.14 
250 -72.98 37.73 
252 -70.58 35.14 
254 -68.22 32.58 
256 -65.88 30.06 
258 -63.56 27.58 
260 -61.27 25.12 
262 -59.08 22.73 
264 -56.91 20.37 
266 -54.76 18.04 
268 -52.64 15.74 
270 -50.54 13.48 
272 -48.54 11.28 
274 -46.57 9.11 
276 -44.62 6.97 
278 -42.69 4.87 
280 -40.79 2.80 
282 -38.99 0.79 
284 -37.22 -1.18 
286 -35.47 -3.12 
288 -33.75 -5.03 
290 -32.05 -6.91 
292 -30.46 -8.72 
294 -32.79 30.39 
296 -31.25 28.64 
298 -29.74 26.93 
300 -28.25 25.26 
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The girder sections can now be said to be adequate to support the prestressing strands, making them 
the final designs for the 250 foot, straight strand profile, prestressed girders. 
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250 Foot Prestressed Girder Design: Draped Strand Profile 
 
Figure B-14: Draped Strand Profile for 250 Foot Prestressed Girder Final Design 
 
Figure B-14 shows the strand arrangement for the 250 foot prestressed girder with the draped 
strand profile for the final girder sections.  To begin the design of this prestressed girder, the required 
diameter of the structural strand needs to be determined.  Remember that the strand diameter was 
found with these calculations for the initial girder section, because the girder sections cannot be 
designed until the strand diameter is known.  The initial girder sections for the draped strand profile 
prestress girder designs are the final standard girder designs for the 250 foot span.   
The same method as was used for the straight tendon profile is used for the draped profile.  
However, because the strands are draped, the eccentricity is not constant in the calculation of the 
incremental tendon force due to the applied loads.  In order to calculate the incremental tendon force 
due to the applied loads, the integral of the equation proposed by Saadatmanesh was utilized. For the 
straight strand profile the integral,
0
L
xM dx  was taken to be the area under the moment envelope 
curve.  For the draped strand profile it will be taken as the area under the curve over an incremental 
length of the strand, in order to account for the change in the eccentricity of the strand over the length 
of the girder.  Once each incremental increase in the tendon force is calculated, they can then be 
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summed to find the total increase in the tendon force over the length of the strands.  These calculations 
were carried out in excel.  Figure B-15 shows one increment of the area under the moment curve for the 
positive girder section. 
 
 
Figure B-15: Example of Incremental Area under Positive Moment Envelopes for Draped Strand Profile 
 
After some iteration to find a strand profile which could support at least 20% of the maximum 
positive moment, the strand diameter which ended up controlling for this span length and strand profile 
was 4¾ inches.  For the 4¾ inch diameter strands, the summation of the individual increments of the 
increase in the tendon force over the entire length of the strands in the positive moment region resulted 
in an addition force in the strands of 55.83 kips due to the live load, 57.81 kips due to the DC1 dead 
loads, and 18.57 kips due to the DC2 and DW dead loads.  The same incremental calculations were 
calculated over the negative girder section due to the negative moment envelope.  The summation of 
the increments over the negative moment envelope resulted in an additional force in the strands of 
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17.05 kips due to the live load, 34.74 kips due to the DC1 dead loads, and 11.56 kips due to the DC2 and 
DW dead loads.    The added force in the strands is significantly less for the draped strand profile than 
with the straight strand profile due to the smaller eccentricities over much of the strand lengths. 
Now that the increase in the tendon forces due to the applied loads has been calculated, the 
available force for prestressing can be calculated.  The 4¾” structural strand has a nominal strength of 
1,300 tons or 2,600 kips.  Below are the calculations to find the available force for prestressing over the 
positive moment section. 
1 2,i DC DC DW LLT T T T T     
2,600 57.81 18.57 55.83ik T k k k     
2,467.79iT k  
 
The available prestressing can be used to calculate the design prestressing force, 
DT .  As was done with 
the straight strand profile, the available prestressing force needs to be multiplied by 0.9 to account for 
prestress loss, and then by 0.7 as a factor of safety.  First, below are the calculations for the strands over 
the positive girder section. 
 0.9(2,467.79 ) 2,221.01iT k k    
 0.7( ) 0.7(2,221.01 ) 1,554.71D iT T k k     
 
The design prestressing force needs to be multiplied by two, because there are two strands over each 
section being prestressed.    
 2(1,554.71 ) 3,109.42DT k k   
 
Next the same calculations are repeated for the strands over the negative girder section. 
 
1 2,i DC DC DW LLT T T T T     
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2,600 34.74 11.56 17.05ik T k k k     
2,536.65iT k  
 
The available prestressing can next be used to calculate the design prestressing force, 
DT .   
 0.9(2,536.65 ) 2,282.99iT k k    
 0.7( ) 0.7(2,282.99 ) 1,598.09D iT T k k     
 
The design prestressing force needs to be multiplied by two, because there are two strands over each 
section being prestressed.    
 2(1,598.09 ) 3,196.18DT k k   
 
Unlike with the straight strand profile, the same prestressing force will be put on the 
prestressing strands over the entire length of the bridge.  With the straight strand profile, a different 
force could be put in the strands over the positive girder section and the negative girder section.  The 
draped profile strand profile is a continuous strand over the entire bridge length, requiring a uniform 
force over the length of the strand.  Keeping this in mind a force of 3,000 kips was chosen as the 
prestressing force for this girder. 
The same altered girder design spreadsheet was used for the draped strand profile.  Using the 
altered standard girder design spreadsheet, which checks all the ASHTO equations checked in the 
standard girder with alterations to account for the moments and stresses induced by the prestressing 
strands, the positive and negative girder sections were reduced iteratively until they couldn’t be 
reduced any further.   
The final girder sections found though iterating between SAP 2000 and the girder design 
spreadsheet for the girder sections of the 250 foot girder are shown in Table B-21. 
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Table B-21: 250 Foot Prestressed Girder Design for the Draped Strand Profile 
 
 
 
Once the final girder section was found iteratively, the stresses in the flanges had to be checked 
in the same manner as the prestressed girders with the straight strand profile.  The flange stresses were 
checked at increments along the length of the girder spans.  Each spot had to be checked individually 
due to the change in moment felt by the section and the variable eccentricity of the strands.  The 
calculations follow the same procedure as the stress calculations shown previously for the straight 
strand profile. 
An example calculation is shown below for the positive moments on the positive girder section 
at a point 70 feet from the beginning of the span.  First the calculations for the bottom flange are 
shown. 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
(6,213 k-ft)(42.80") 12
27.79
114,838 
DC
in
ftMy
ksi
I in

 
 
     
 
Steel Grade Depth Thickness Width
Top Flange: 50 ksi - 1 in 15 in
Web: 50 ksi 90 in 5/8 in -
Bottom Flange: 70 ksi - 1 1/2 in 15 in
Positive Section
Steel Grade Depth Thickness Width
Top Flange: 70 ksi - 2 in 22 in
Web: 50 ksi 90 in 3/4 in -
Bottom Flange: 70 ksi - 4 in 26 in
Negative Section
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2
2
DC longterm
DC
longterm
M y
I
   
2 4
(1,120 k-ft)(63.59") 12
3.81
224,551 
DC
in
ftMy
ksi
I in

 
 
     
 
DW longterm
DW
longterm
M y
I
   
4
(2,048 k-ft)(63.59") 12
6.96
224,551 
DW
in
ftMy
ksi
I in

 
 
     
 
LL shortterm
LL I
shortterm
M y
I
    
4
(9,355 k-ft)(78.62") 12
29.0
304,337 
LL I
in
ftMy
ksi
I in
 
 
 
     
 
Now the stress induced in the bottom flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands. 
 
prestress
P Pey
A I
     
2
3,000 (3,000 )(31.04")(42.80")
66.71
93.75 114,838
prestress
P Pey k k
ksi
A I in
          
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Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as this combination has been the controlling case for this 
girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(29.0 ) 1.25(27.79 ) 1.25(3.81 ) 1.5(6.96 ) 66.71 33.98Strength ksi ksi ksi ksi ksi ksi      
1 33.98Strength ksi   
 
This stress of 33.98 ksi in the bottom flange does not exceed the allowable stress of 70 ksi of the flange.   
Next the calculation for the top flange stress of the positive girder section due to the positive 
moment at the same point is shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
(6,213 k-ft)(92.50" 42.80") 12
32.27
114,838 
DC
in
ftMy
ksi
I in

 
   
      
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
(1,120 k-ft)(92.50" 63.59") 12
1.73
224,551 
DC
in
ftMy
ksi
I in

 
   
      
 
DW longterm
DW
longterm
M y
I
   
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4
(2,048 k-ft)(92.50" 63.59") 12
3.16
224,551 
DW
in
ftMy
ksi
I in

 
   
      
 
LL shortterm
LL I
shortterm
M y
I
    
4
(9,355 k-ft)(92.50" 78.62") 12
5.12
304,337 
LL I
in
ftMy
ksi
I in
 
 
   
      
 
Now the stress induced in the top flange as a result of the prestressing strands needs to be 
calculated.   
 
prestress
P Pey
A I
     
2
3,000 (3,000 )(31.04")(92.50" 42.80")
8.30
93.75 114,838
prestress
P Pey k k
ksi
A I in


        
 
Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as this combination has been the controlling case for this 
girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 5.12 ) 1.25( 32.27 ) 1.25( 1.73 ) 1.5( 3.16 ) 2.73 47.90Strength ksi ksi ksi ksi ksi ksi           
1 47.90Strength ksi    
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The final stress at 70 feet in the top flange is -47.90 ksi.  This is less than the 50 ksi strength of the top 
flange; therefore the flange is okay at this point.   
Each point along the positive girder section was checked in the same manner the top and 
bottom flanges were checked here.  Tables B-22 and B-23 show the stress in the top flange and bottom 
flange due to the positive girder envelope and the negative envelope on the positive girder section.  
They shows that at no point along the positive girder section does the stress exceed 10% over the 
strength of the flanges.  
 
Table B-22: Stresses in Top Flange of Positive Girder Section 
Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 -32.00 - 325 -28.28 -16.58 
2 -33.49 - 327 -29.80 -16.58 
4 -34.92 - 329 -31.27 -17.98 
6 -36.30 - 331 -32.68 -19.32 
8 -37.63 - 333 -34.04 -20.61 
10 -38.91 - 335 -35.34 -21.85 
12 -40.09 - 337 -36.57 -23.03 
14 -41.22 - 339 -37.75 -24.16 
16 -42.29 - 341 -38.88 -25.24 
18 -43.32 - 343 -39.95 -26.27 
19 -44.29 - 344 -40.97 -27.24 
21 -45.17 - 346 -41.91 -28.16 
23 -45.99 - 348 -42.81 -29.03 
25 -46.77 - 350 -43.64 -29.84 
27 -47.49 - 352 -44.43 -30.61 
29 -48.15 - 354 -45.16 -31.32 
31 -48.73 - 356 -45.82 -31.97 
33 -49.25 - 358 -46.42 -32.58 
35 -49.72 - 360 -46.97 -33.13 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
37 -50.14 - 362 -47.47 -33.63 
39 -50.51 - 364 -47.91 -34.08 
41 -50.78 - 366 -48.27 - 
43 -51.00 - 368 -48.59 - 
45 -51.17 - 370 -48.84 - 
47 -51.29 - 372 -49.05 - 
49 -51.35 - 374 -49.20 - 
51 -51.32 - 376 -49.27 - 
53 -51.24 - 378 -49.29 - 
54 -51.11 - 379 -49.26 - 
56 -50.93 - 381 -49.17 - 
58 -50.69 - 383 -49.03 - 
60 -50.36 - 385 -48.81 - 
62 -49.98 - 387 -48.54 - 
64 -49.55 - 389 -48.22 - 
66 -49.06 - 391 -47.84 - 
68 -48.53 - 393 -47.41 - 
70 -47.90 - 395 -46.90 - 
72 -47.23 - 397 -46.33 - 
74 -46.50 - 399 -45.71 - 
76 -45.72 - 401 -45.04 - 
78 -44.88 - 403 -44.32 - 
80 -43.96 - 405 -43.51 - 
82 -42.99 - 407 -42.65 - 
84 -41.96 - 409 -41.74 - 
86 -40.88 - 411 -40.77 - 
88 -39.75 - 413 -39.75 - 
89 -40.77 - 414 -40.88 - 
91 -41.73 - 416 -41.96 - 
93 -42.65 - 418 -42.99 - 
95 -43.51 - 420 -43.96 - 
97 -44.32 - 422 -44.88 - 
99 -45.04 - 424 -45.71 - 
101 -45.71 - 426 -46.50 - 
103 -46.33 - 428 -47.22 - 
105 -46.89 - 430 -47.90 - 
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Final Top Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
107 -47.41 - 432 -48.52 - 
109 -47.84 - 434 -49.06 - 
111 -48.21 - 436 -49.55 - 
113 -48.54 - 438 -49.98 - 
115 -48.81 - 440 -50.36 - 
117 -49.03 - 442 -50.68 - 
119 -49.17 - 444 -50.92 - 
121 -49.26 - 446 -51.11 - 
122 -49.29 - 447 -51.24 - 
124 -49.27 - 449 -51.32 - 
126 -49.20 - 451 -51.35 - 
128 -49.05 - 453 -51.28 - 
130 -48.84 - 455 -51.17 - 
132 -48.58 - 457 -51.00 - 
134 -48.27 - 459 -50.78 - 
136 -47.91 -34.81 461 -50.50 - 
138 -47.46 -34.47 463 -50.14 - 
140 -46.97 -34.07 465 -49.72 - 
142 -46.42 -33.63 467 -49.25 - 
144 -45.81 -33.13 469 -48.73 - 
146 -45.16 -32.58 471 -48.15 - 
148 -44.43 -31.97 473 -47.48 - 
150 -43.64 -31.31 475 -46.76 - 
152 -42.80 -30.60 477 -45.99 - 
154 -41.91 -29.84 479 -45.16 - 
156 -40.97 -29.03 481 -44.28 - 
157 -39.95 -28.16 482 -43.31 - 
159 -38.88 -27.24 484 -42.29 - 
161 -37.75 -26.26 486 -41.21 - 
163 -36.57 -25.24 488 -40.08 - 
165 -35.34 -24.16 490 -38.90 - 
167 -34.03 -23.03 492 -37.63 - 
169 -32.67 -21.84 494 -36.30 - 
171 -31.26 -20.61 496 -34.92 - 
173 -29.80 -19.32 498 -33.48 - 
175 -28.28 -17.97 500 -32.00 - 
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Table B-23: Stresses in Bottom Flange of Positive Girder Section 
Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
0 -32.00 - 325 -6.97 -73.25 
2 -28.50 - 327 -4.32 -73.25 
4 -25.06 - 329 -1.73 -71.29 
6 -21.68 - 331 0.80 -69.39 
8 -18.35 - 333 3.29 -67.54 
10 -15.07 - 335 5.71 -65.75 
12 -12.08 - 337 7.95 -64.02 
14 -9.15 - 339 10.14 -62.34 
16 -6.27 - 341 12.27 -60.71 
18 -3.45 - 343 14.35 -59.14 
19 -0.68 - 344 16.37 -57.63 
21 1.81 - 346 18.20 -56.17 
23 4.24 - 348 19.98 -54.77 
25 6.61 - 350 21.70 -53.42 
27 8.93 - 352 23.36 -52.13 
29 11.20 - 354 24.97 -50.89 
31 13.18 - 356 26.38 -49.71 
33 15.12 - 358 27.74 -48.58 
35 16.99 - 360 29.03 -47.51 
37 18.81 - 362 30.28 -46.50 
39 20.58 - 364 31.46 -45.54 
41 22.07 - 366 32.44 -44.63 
43 23.50 - 368 33.36 - 
45 24.88 - 370 34.22 - 
47 26.21 - 372 35.03 - 
49 27.48 - 374 35.79 - 
51 28.47 - 376 36.32 - 
53 29.42 - 378 36.79 - 
54 30.30 - 379 37.21 - 
56 31.13 - 381 37.58 - 
58 31.91 - 383 37.89 - 
60 32.42 - 385 37.99 - 
62 32.88 - 387 38.03 - 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
64 33.28 - 389 38.02 - 
66 33.63 - 391 37.96 - 
68 33.92 - 393 37.84 - 
70 33.98 - 395 37.49 - 
72 33.97 - 397 37.09 - 
74 33.91 - 399 36.63 - 
76 33.80 - 401 36.12 - 
78 33.63 - 403 35.55 - 
80 33.21 - 405 34.74 - 
82 32.73 - 407 33.88 - 
84 32.19 - 409 32.96 - 
86 31.60 - 411 31.98 - 
88 30.95 - 413 30.95 - 
89 31.98 - 414 31.60 - 
91 32.96 - 416 32.19 - 
93 33.88 - 418 32.72 - 
95 34.74 - 420 33.20 - 
97 35.55 - 422 33.63 - 
99 36.12 - 424 33.80 - 
101 36.63 - 426 33.91 - 
103 37.09 - 428 33.97 - 
105 37.49 - 430 33.97 - 
107 37.83 - 432 33.92 - 
109 37.95 - 434 33.63 - 
111 38.02 - 436 33.28 - 
113 38.03 - 438 32.88 - 
115 37.99 - 440 32.42 - 
117 37.89 - 442 31.91 - 
119 37.58 - 444 31.13 - 
121 37.21 - 446 30.30 - 
122 36.79 - 447 29.41 - 
124 36.31 - 449 28.47 - 
126 35.78 - 451 27.47 - 
128 35.03 - 453 26.20 - 
130 34.22 - 455 24.88 - 
132 33.36 - 457 23.50 - 
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Final Bottom Flange Stresses in the Positive Girder Section 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Positive 
Moment 
Envelope 
(kips) 
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
134 32.44 - 459 22.07 - 
136 31.46 -43.79 461 20.58 - 
138 30.27 -44.63 463 18.81 - 
140 29.03 -45.54 465 16.99 - 
142 27.73 -46.50 467 15.11 - 
144 26.38 -47.52 469 13.18 - 
146 24.97 -48.59 471 11.20 - 
148 23.36 -49.71 473 8.93 - 
150 21.70 -50.89 475 6.61 - 
152 19.98 -52.13 477 4.23 - 
154 18.20 -53.42 479 1.80 - 
156 16.37 -54.77 481 -0.68 - 
157 14.35 -56.17 482 -3.45 - 
159 12.27 -57.63 484 -6.27 - 
161 10.14 -59.15 486 -9.15 - 
163 7.95 -60.71 488 -12.09 - 
165 5.71 -62.34 490 -15.08 - 
167 3.28 -64.02 492 -18.35 - 
169 0.80 -65.75 494 -21.68 - 
171 -1.73 -67.55 496 -25.06 - 
173 -4.33 -69.39 498 -28.50 - 
175 -6.97 -71.30 500 -32.00 - 
 
An additional example calculation is shown below for the negative moments on the negative 
girder section at a point directly over the pier.  First the calculations for the bottom flange are shown. 
 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 20,537 k-ft)(35.71") 12
26.63
330,493 
DC
in
ftMy
ksi
I in

 
  
      
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2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 3,199 k-ft)(49.05") 12
3.62
519,825 
DC
in
ftMy
ksi
I in

 
  
      
 
DW longterm
DW
longterm
M y
I
   
4
( 5,849 k-ft)(49.05") 12
6.62
519,825 
DW
in
ftMy
ksi
I in

 
  
      
 
LL shortterm
LL I
shortterm
M y
I
    
4
( 12,626 k-ft)(64.18") 12
13.23
734,762 
LL I
in
ftMy
ksi
I in
 
 
  
      
 
Next the stress induced in the bottom flange as a result of the prestressing strands needs to be 
calculated.  This stress is based on the normal stress on the entire cross section due to the force in the 
strands, and the stress induced in the flanges as a result of the eccentricity of the strands. 
 
prestress
P Pey
A I
     
2
3,000 (3,000 )(42.85")(35.71")
0.03
215.5 330,493
prestress
P Pey k k
ksi
A I in
          
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Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO, as once again this combination is been the controlling case 
for this girder design. 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75( 13.23 ) 1.25( 26.63 ) 1.25( 3.62 ) 1.5( 6.62 ) 0.03 70.94Strength ksi ksi ksi ksi ksi ksi           
1 70.94Strength ksi    
 
This stress of -70.94 ksi in the bottom flange does not exceed 10% more than the allowable stress of 70 
ksi of the flange, therefore the flange is sufficient.   
Next the calculation for the top flange stress of the negative girder section due to the negative 
moment at the same point is shown. 
1
1
DC baresteel
DC
baresteel
M y
I
   
1 4
( 20,537 k-ft)(96.0" 35.71") 12
44.96
330,493 
DC
in
ftMy
ksi
I in

 
    
     
 
2
2
DC longterm
DC
longterm
M y
I
   
2 4
( 3,199 k-ft)(96.0" 49.05") 12
3.47
519,825 
DC
in
ftMy
ksi
I in

 
    
     
 
DW longterm
DW
longterm
M y
I
   
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4
( 5,849 k-ft)(96.0" 49.05") 12
6.34
519,825 
DW
in
ftMy
ksi
I in

 
    
     
 
LL shortterm
LL I
shortterm
M y
I
    
4
( 12,626 k-ft)(96.0" 64.18") 12
6.56
734,762 
LL I
in
ftMy
ksi
I in
 
 
    
     
 
Now the stress induced in the top flange as a result of the prestressing strands needs to be 
calculated.   
prestress
P Pey
A I
     
2
3,000 (3,000 )(42.85")(96.0" 35.71")
37.37
215.5 330,493
prestress
P Pey k k
ksi
A I in


         
 
Now that all of the individual stresses have been calculated they can be combined according to 
the strength 1 combination from AASHTO. 
 
1 21
1.75 1.25 1.25 1.5Strength LL I DC DC DW prestress           
1 1.75(6.56 ) 1.25(44.96 ) 1.25(3.47 ) 1.5(6.34 ) 37.37 44.15Strength ksi ksi ksi ksi ksi ksi      
1 44.15Strength ksi   
 
The final stress over the pier in the top flange is 44.15 ksi.  This is less than the 50 ksi strength of the top 
flange; therefore the flange is okay at this point.   
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Each point along the negative girder section was checked in the same manner the top and 
bottom flanges were checked here.  Additionally, the stresses in the top and bottom flanges were 
calculated while considering the positive moment envelope acting on the negative girder section.  Table 
B-24 shows the stress in the top flange and bottom flange due to the negative moment envelope and 
the positive moment envelope on the negative girder section.  It shows that at no point along the 
positive girder section does the stress exceed 10% over the strength of the flanges.  
 
Table B-24: Stresses in Top and Bottom Flanges of Negative Girder Section 
Final Top Flange Stresses in the  
Negative Girder Section 
Final Bottom Flange Stresses in the 
Negative Girder Section 
Station  
(ft)  
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
Total Stress - 
Positive 
Moment 
Envelope  
(kips) 
Station  
(ft)  
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
Total Stress - 
Positive 
Moment 
Envelope  
(kips) 
175 -9.48 -20.59 175 -24.38 -1.97 
177 -8.76 -19.74 177 -24.99 -2.85 
179 -8.02 -18.87 179 -25.62 -3.74 
181 -7.25 -17.97 181 -26.27 -4.65 
183 -6.45 -17.04 183 -26.94 -5.58 
184 -5.63 -16.08 184 -27.62 -6.53 
186 -4.76 -15.10 186 -28.36 -7.50 
188 -3.86 -14.09 188 -29.12 -8.48 
190 -2.94 -13.06 190 -29.90 -9.49 
192 -1.98 - 192 -30.70 - 
194 -1.01 - 194 -31.51 - 
196 0.04 - 196 -32.42 - 
198 1.10 - 198 -33.34 - 
199 2.20 - 199 -34.28 - 
201 3.32 - 201 -35.24 - 
203 4.47 - 203 -36.22 - 
205 5.68 - 205 -37.28 - 
207 6.91 - 207 -38.36 - 
209 8.17 - 209 -39.45 - 
211 9.46 - 211 -40.56 - 
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Final Top Flange Stresses in the  
Negative Girder Section 
Final Bottom Flange Stresses in the 
Negative Girder Section 
Station  
(ft)  
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
Station  
(ft)  
Total 
Stress - 
Negative 
Moment 
Envelope 
(kips) 
Station  
(ft)  
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
213 10.78 - 213 -41.70 - 
214 12.15 - 214 -42.90 - 
216 13.55 - 216 -44.13 - 
218 14.97 - 218 -45.37 - 
220 16.42 - 220 -46.63 - 
222 17.90 - 222 -47.91 - 
224 19.43 - 224 -49.26 - 
226 20.99 - 226 -50.63 - 
227 22.58 - 227 -52.02 - 
229 24.19 - 229 -53.42 - 
231 25.83 - 231 -54.85 - 
233 27.53 - 233 -56.34 - 
235 29.25 - 235 -57.86 - 
237 31.00 - 237 -59.40 - 
239 32.78 - 239 -60.95 - 
241 34.58 - 241 -62.52 - 
242 36.44 - 242 -64.17 - 
244 38.32 - 244 -65.83 - 
246 40.24 - 246 -67.51 - 
248 42.18 - 248 -69.21 - 
250 44.15 - 250 -70.94 - 
252 42.17 - 252 -69.21 - 
254 40.23 - 254 -67.51 - 
256 38.32 - 256 -65.83 - 
258 36.44 - 258 -64.17 - 
259 34.58 - 259 -62.52 - 
261 32.77 - 261 -60.95 - 
263 31.00 - 263 -59.39 - 
265 29.25 - 265 -57.86 - 
267 27.53 - 267 -56.34 - 
269 25.83 - 269 -54.84 - 
271 24.19 - 271 -53.42 - 
273 22.58 - 273 -52.01 - 
274 20.99 - 274 -50.63 - 
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Final Top Flange Stresses in the  
Negative Girder Section 
Final Bottom Flange Stresses in the 
Negative Girder Section 
Station  
(ft)  
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
Station  
(ft)  
Total 
Stress - 
Negative 
Moment 
Envelope 
(kips) 
Station  
(ft)  
Total Stress - 
Negative 
Moment 
Envelope 
(kips) 
276 19.43 - 276 -49.26 - 
278 17.90 - 278 -47.91 - 
280 16.42 - 280 -46.63 - 
282 14.97 - 282 -45.37 - 
284 13.54 - 284 -44.12 - 
286 12.15 - 286 -42.90 - 
288 10.78 - 288 -41.69 - 
289 9.46 - 289 -40.56 - 
291 8.17 - 291 -39.45 - 
293 6.91 - 293 -38.35 - 
295 5.68 - 295 -37.28 - 
297 4.47 - 297 -36.22 - 
299 3.32 - 299 -35.24 - 
301 2.20 - 301 -34.28 - 
302 1.10 - 302 -33.34 - 
304 0.03 - 304 -32.41 - 
306 -1.01 - 306 -31.51 - 
308 -1.99 - 308 -30.70 - 
310 -2.94 -13.06 310 -29.90 -9.49 
312 -3.86 -14.10 312 -29.12 -8.48 
314 -4.76 -15.11 314 -28.36 -7.50 
316 -5.63 -16.09 316 -27.62 -6.53 
317 -6.45 -17.04 317 -26.94 -5.58 
319 -7.25 -17.97 319 -26.27 -4.65 
321 -8.02 -18.87 321 -25.62 -3.74 
323 -8.76 -19.74 323 -24.99 -2.85 
325 -9.48 -20.59 325 -24.38 -1.97 
 
The girder sections can now be said to be adequate to support the prestressing strands, making them 
the final designs for the 250 foot, draped strand profile, prestressed girders. 
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Appendix C: Moment Distribution Factor Calculations 
Cross Section without Cover Plates: 
 
Figure C-1: Existing Beam Section without Cover Plates 
 
Interior Girder – One Lane Loaded 
9.5'S    
72'L    
8.5"st    
450,201 inI    
276.5 inA    
23.82"ge    
' 1,333 psicf    
57,000 ' 57,000 1,333psi 2,081 ksiB cE f     
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29,000 ksiBE    
 B
D
E
n
E
   (Article 4.6.2.2.1-2) 
2,081 ksi
13.94
29,000 ksi
n    
 
  2g gK n I Ae    (Article 4.6.2.2.1-1) 
 4 2 2 413.94 50,201 in (76.5 in )(23.82") 1,304,878 ingK     
 
 
0.10.4 0.3
1,int 3
0.06
14 12
g
s
KS S
DF
L Lt
    
      
     
  (Table 4.6.2.2.2b-1) 
0.10.4 0.3 4
1,int 3
9.5' 9.5' 1,304,878 in
0.06
14 72' 12(72')(8.5")
DF
    
      
     
 
1,int 0.5703DF   
 
Interior Girder – Two or More Lanes Loaded 
 
0.10.4 0.2
2,int 3
0.075
9.5 12
g
s
KS S
DF
L Lt
    
      
     
  (Table 4.6.2.2.2b-1) 
0.10.4 0.2 4
2,int 3
9.5' 9.5' 1,304,878 in
0.075
9.5 72' 12(72')(8.5")
DF
    
      
     
 
2,int 0.8047DF   
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Exterior Girder – One Lane Loaded 
 
Figure C-2: Lever Rule with One Lane Loaded over an Exterior Girder 
 
2 1(1.5') (7.5') (9.5')
2 2
P P
M R     
 
1 0.4737R P   
  11, (Multiple Presence Factor) 1.2 0.4737ext
R
DF
P
 
  
 
  
1, 0.5684extDF   
 
Exterior Girder – Two or More Lanes Loaded 
 2, 2,intextDF eDF , where 0.77
9.1
ede    (AASHTO Table 4.6.2.2.2d-1) 
0
0.77 0.77 0.77
9.1 9.1
ede       
2, 2,int (0.77)(0.8047) 0.6196extDF eDF    
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Cross Section with Cover Plates: 
 
Figure C-3: Existing Beam Section with Cover Plates 
 
Interior Girder – One Lane Loaded 
467,449 inI    
299.9 inA    
25.04"ge    
13.94n    
 
  2g gK n I Ae    (Article 4.6.2.2.1-1) 
 4 2 2 413.94 67,449 in (99.9 in )(25.04") 1,813,143 ingK     
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0.10.4 0.3
1,int 3
0.06
14 12
g
s
KS S
DF
L Lt
    
      
     
  (Table 4.6.2.2.2b-1) 
0.10.4 0.3 4
1,int 3
9.5' 9.5' 1,813,143 in
0.06
14 72' 12(72')(8.5")
DF
    
      
     
 
1,int 0.5874DF   
 
Interior Girder – Two or More Lanes Loaded 
 
0.10.4 0.2
2,int 3
0.075
9.5 12
g
s
KS S
DF
L Lt
    
      
     
  (Table 4.6.2.2.2b-1) 
0.10.4 0.2 4
2,int 3
9.5' 9.5' 1,813,143 in
0.075
9.5 72' 12(72')(8.5")
DF
    
      
     
 
2,int 0.8291DF   
 
Exterior Girder – One Lane Loaded 
The distribution factor of the exterior girder with one lane loaded is found using the lever rule, therefore 
it is the same as the distribution factor found for the cross section without cover plates. 
1, 0.5684extDF   
 
Exterior Girder – Two or More Lanes Loaded 
 2, 2,intextDF eDF , where 0.77
9.1
ede    (AASHTO Table 4.6.2.2.2d-1) 
0
0.77 0.77 0.77
9.1 9.1
ede       
2, 2,int (0.77)(0.8291) 0.6384extDF eDF     
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Appendix D: Rehabilitated Bridge Flange Stresses for HS-20 Loading 
Table D-1: Rehabilitated Bridge Flange Stresses for HS-20 Loading 
Station 
(ft) 
Top 
Flange  
Stress 
(ksi) 
Bottom 
Flange  
Stress (ksi) 
Station 
(ft) 
Top 
Flange  
Stress 
(ksi) 
Bottom 
Flange  
Stress (ksi) 
0.00 0.00 0.00 118.18 -31.18 20.94 
1.17 -2.82 2.82 119.37 -31.11 20.87 
2.32 -5.57 5.57 120.55 -30.90 20.66 
3.48 -8.09 8.09 121.73 -30.65 20.40 
4.64 -10.58 10.58 122.92 -30.24 20.00 
5.79 -12.84 12.84 124.10 -29.79 19.55 
6.95 -15.06 15.06 125.28 -29.19 18.95 
8.11 -17.06 17.06 126.46 -28.54 18.30 
9.27 -19.01 19.01 127.65 -27.75 17.51 
10.42 -20.75 20.75 128.83 -26.91 16.67 
11.58 -22.45 22.45 130.01 -26.84 26.84 
12.74 -23.93 23.93 131.20 -25.81 25.81 
13.89 -25.37 25.37 132.38 -24.65 24.65 
15.05 -26.60 26.60 133.56 -23.43 23.43 
16.21 -26.88 16.64 134.75 -22.08 22.08 
17.36 -27.86 17.62 135.93 -20.69 20.69 
18.52 -28.80 18.56 137.11 -19.16 19.16 
19.68 -29.55 19.31 138.30 -17.59 17.59 
20.84 -30.25 20.00 139.48 -15.90 15.90 
21.99 -30.84 20.60 140.66 -14.15 14.15 
23.15 -31.40 21.16 141.84 -12.29 12.29 
24.31 -31.80 21.56 143.03 -10.38 10.38 
25.46 -32.15 21.91 144.21 -8.36 8.36 
26.62 -32.32 22.08 145.39 -6.29 6.29 
27.78 -32.44 22.20 146.58 -4.12 4.12 
28.94 -32.38 22.14 147.76 -1.91 1.91 
30.09 -32.27 22.03 148.94 0.32 -0.32 
31.25 -31.99 21.75 150.13 2.59 -2.59 
32.41 -31.67 21.43 151.31 4.77 -4.77 
33.56 -31.31 21.07 152.49 7.00 -7.00 
34.72 -30.90 20.66 152.50 7.02 -7.02 
35.88 -30.39 20.15       
37.04 -29.83 19.59 171.50 6.18 -6.18 
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Station 
(ft) 
Top 
Flange  
Stress 
(ksi) 
Bottom 
Flange  
Stress (ksi) 
Station 
(ft) 
Top 
Flange  
Stress 
(ksi) 
Bottom 
Flange  
Stress (ksi) 
38.19 -29.10 18.86 171.51 6.16 -6.16 
39.35 -28.33 18.09 172.67 3.74 -3.74 
40.51 -27.38 17.14 173.82 1.36 -1.36 
41.66 -26.39 16.15 174.98 -0.99 0.99 
42.82 -26.16 26.16 176.14 -3.30 3.30 
43.98 -24.96 24.96 177.29 -5.55 5.55 
45.14 -23.61 23.61 178.45 -7.74 7.74 
46.29 -22.22 22.22 179.61 -9.82 9.82 
47.45 -20.68 20.68 180.77 -11.86 11.86 
48.61 -19.10 19.10 181.92 -13.76 13.76 
49.76 -17.38 17.38 183.08 -15.62 15.62 
50.92 -15.62 15.62 184.24 -17.38 17.38 
52.08 -13.76 13.76 185.39 -19.10 19.10 
53.23 -11.86 11.86 186.55 -20.68 20.68 
54.39 -9.82 9.82 187.71 -22.22 22.22 
55.55 -7.74 7.74 188.86 -23.61 23.61 
56.71 -5.55 5.55 190.02 -24.96 24.96 
57.86 -3.30 3.30 191.18 -26.16 26.16 
59.02 -0.99 0.99 192.34 -26.39 16.15 
60.18 1.36 -1.36 193.49 -27.38 17.14 
61.33 3.74 -3.74 194.65 -28.33 18.09 
62.49 6.16 -6.16 195.81 -29.10 18.86 
62.50 6.18 -6.18 196.96 -29.83 19.59 
      198.12 -30.39 20.15 
81.50 7.02 -7.02 199.28 -30.90 20.66 
81.51 7.00 -7.00 200.44 -31.31 21.07 
82.69 4.77 -4.77 201.59 -31.67 21.43 
83.87 2.59 -2.59 202.75 -31.99 21.75 
85.06 0.32 -0.32 203.91 -32.27 22.03 
86.24 -1.91 1.91 205.06 -32.38 22.14 
87.42 -4.12 4.12 206.22 -32.44 22.20 
88.61 -6.29 6.29 207.38 -32.32 22.08 
89.79 -8.36 8.36 208.54 -32.15 21.91 
90.97 -10.38 10.38 209.69 -31.80 21.56 
92.16 -12.29 12.29 210.85 -31.40 21.16 
93.34 -14.15 14.15 212.01 -30.84 20.60 
94.52 -15.90 15.90 213.16 -30.25 20.00 
95.71 -17.59 17.59 214.32 -29.55 19.31 
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Station 
(ft) 
Top 
Flange  
Stress 
(ksi) 
Bottom 
Flange  
Stress (ksi) 
Station 
(ft) 
Top 
Flange  
Stress 
(ksi) 
Bottom 
Flange  
Stress (ksi) 
96.89 -19.16 19.16 215.48 -28.80 18.56 
98.07 -20.69 20.69 216.64 -27.86 17.62 
99.25 -22.08 22.08 217.79 -26.88 16.64 
100.44 -23.43 23.43 218.95 -26.60 26.60 
101.62 -24.65 24.65 220.11 -25.37 25.37 
102.80 -25.81 25.81 221.26 -23.93 23.93 
103.99 -26.84 26.84 222.42 -22.45 22.45 
105.17 -26.91 16.67 223.58 -20.75 20.75 
106.35 -27.75 17.51 224.73 -19.01 19.01 
107.54 -28.54 18.30 225.89 -17.06 17.06 
108.72 -29.19 18.95 227.05 -15.06 15.06 
109.90 -29.79 19.55 228.21 -12.84 12.84 
111.08 -30.24 20.00 229.36 -10.58 10.58 
112.27 -30.65 20.40 230.52 -8.09 8.09 
113.45 -30.90 20.66 231.68 -5.57 5.57 
114.63 -31.11 20.87 232.83 -2.82 2.82 
115.82 -31.18 20.94 234.00 0.00 0.00 
117.00 -31.19 20.95       
 
 
